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Mr. G. Randall Thompson

Director, Division of Hazardous and Infectious Waste Management
Bureau of Solid and Hazardous Waste Management

South Carolina Department of Health and Environmental Control
2600 Bull Street

Columbia SC 29201

Subj: ZONE B RCRA FACILITY INVESTIGATION REPORT

Dear Mr. Thompson:

The purpose of this letter is to provide changes in the background reference values for Zone B
RCRA Facility Investigation (RFT) Report which has been approved by the Department and EPA
representatives. The changes have occurred through discussion with the Naval Base Charleston
Project Team, which includes representatives of the Navy, the Department and the U.S. EPA
Region IV.

Background reference values for inorganics in upper and lower interval Zone B soils have been
reviewed and revised, based largely on the location, origin, and former use of the land from
which the grid-based samples were collected. Two of the sample locations (GDBSB001 and
GDBSB002) fell in the portion of the zone known to consist of fill material. Examination of
analytical results from samples collected at these two locations showed that reported
concentrations of inorganics were consistently higher than for other grid-based samples for both
upper and lower interval soil. Consequently, samples from these locations have been dropped
from the soil datasets for all inorganics as being unrepresentative of conditions in the rest of the
zone. Samples from two additional locations (GDBSB003 and GDBSBO011) were dropped from
the arsenic datasets because the locations fell within the boundary of the former golf course.
Elevated arsenic levels in the golf course samples indicated possible past use of arsenate-based
herbicides on the fairways and greens. Background reference values for twe inorganics (arsen:
and chromium) in lower interval soil were further revised after removing the samples discussed
above because their reduced datasets could not be transformed into approximately normal
distributions. Since conventional statistical measures (mean, standard deviation, etc.) could not
be obtained, nonparametric rather than parametric upper tolerance limits were used as
background values for these two metals.

Please also note that the text of the Zone B memo dated 3-3-97 (or 3-10-97) contains an incorrect
value for the arsenic UTL for lower interval soil. The UTL is shown as 11.7 mg/kg,

which is the maximum value in the dataset. This value came from sample GDBSB01102, which
should have been dropped as a golf course sample, leaving 10.8 mg/kg as the highest value and,
therefore, the correct nonparametric UTL. The value is shown correctly on the Zone B soil table
that was handed out at the same time.



Subj: ZONE B BACKGROUND REFERENCE VALUES

This completes all outstanding issues with the Zone B RCRA Facility Investigation. Since AOC
507 was determined to require No Further Action during the March Project Team meeting, the
Navy withdraws the request for permit modification to require a Corrective Measures Study at
this site. Instead, please initiate permit modifications to indicate that No Further Action (NFA) is
required. If you should have any questions you may contact me at (803) 820-5525.

Sincerely,

Wattuw A Hudt™

MATTHEW A. HUNT
Environmental Engineer
Installation Restoration III Branch

Copy to:

SCDHEC (Paul Bergstrand, Johnny Tapia)

USEPA (Jay Bassett)

CS0O Naval Base Charleston (Billy Drawdy, Daryle Fontenot)
Ensafe/Allen & Hoshall (Todd Haverkost)
SOUTHNAVFACENGCOM (Brian Stockmaster)

Blind copy to:

18 Circ
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Zone B

Outliers removed from grid-based background datasets

Surface soil

Aluminum

Arsenic

Beryilium
Chromium
Manganese

Vanadium

GDBSB00101
GDBSB00201
GDBSB01101
GDBSB00101
GDBSB00201
GDBSB00301
GDBSBO01101
GDBSB00101
GDBSB00201
GDBSB00101
GDBSB00201
GDBSB00101
GDBSB00201
GDBSB00101
GDBSB00201

Subsurface soil

Aluminum

Arsenic

Chromium

GDBSB00102
GDBSB00202
GDBSB00102
GDBSB00202
GDBSB01102
GDBSB00102
GDBSB00202

47,900 mg/kg
39,500 mg/kg
24,000 mg/kg
19.6 mg/kg
22.1 mg/kg
9.0 mg/kg
28.7 mg/kg
1.45 mg/kg
1.2 mg/kg
63.8 mg/kg
54.8 mg/kg
499.5 mg/kg
454 mg/kg
89.95 mg/kg
71.9 mg/kg

55,600 mg/kg
32,900 mg/kg
33.9 mg/kg
15.8 mg/kg
11.7 mg/kg
75.7 mg/kg
48.5 mg/kg



Zone B sail

Alternative background reference values (mg/kg) I

3-24-97

SSL values assume DAF = 20,

Surface Soil W Subsurface Soil
Aluminum 7,800n 19,400 13,900 15,500 15,500 -- - -- -- -
Arsenic ] 0.43c 8.9 124 17.1 17.1 29 53 10.8 10.8 35.52
Beryllium @ 0.15¢ 0.86 095 1.23 1.34 -- - -- -- -
Chromium, ; 39n 35.6 48.3 5.7 80.2 38 24.9 48.1 48.1 83.86
Manganese 180n 358 385 464 589 -- - - - -
Vanadium Ssn | 345 418 2657 | 156 - - » - -
_ o b sk &_
RBC values are adjusted for THQ = 0.1 to allow for multiplicative effects. dﬁ\g g 170
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MEMO 3-10-97

TO: Project Team members

FROM; EnSafe

RE: Summary of dataset adjustments, data transformations, and calculations used to

obtain background reference values for Zone B

Because datasets for grid-based soil samples in Zone B were large enough to allow computation of
statistically based background reference values (n =15 for upper interval soil; n =14 for lower interval
soil), upper tolerance limits (UTLs) with 95%coverage and 95% confidence were calculated for
inorganics in soil. Background reference values were not calculated for inorganics in groundwater
because groundwater was not sampled at AOC 507, which was the only site investigated in Zone B.
As reported in a table dated 2-14-97 and faxed to the Project Team members following the February
Team meeting, calculated background reference values for Zone B exceeded RBCs for upper interval
soil for aluminum (UTL = 15,500 mg/kg; RBC = 7,800 mg/kg), arsenic (UTL = 17.1 mg/kg; RBC
= 0.43 mg/kg), beryllium (UTL = 1.34 mg/kg; RBC = 0.15 mg/kg), chromium (UTL = 80.2 mg/kg;
hexachrome RBC = 39 mg/kg), manganese (UTL = 589 mg/kg, RBC = 180 mg/kg), and vanadium
(UTL = 156 mg/kg; RBC = 55 mg/kg). For lower interval soil, calculated UTLs exceeded generic
soli screening ieveis (SSLs) for arsenic (UTL = 48.9 mg/kg; SSL = 29 mg/kg) and chromium (UTL
= 75.7 mg/kg; hexachrome SSL = 38 mg/kg). This memo examines the data and calculations
involved in determining those background reference values, listed above, which exceed their
corresponding risk-based standards. Possible causes of the high background values are discussed.
In most cases, back_round reference values are recalculated and revised.

As discussed in a memo distributed at the February Project Team meeting (“Zone B: Arsenic in
surface soil grid samples,” dated 2-5-97), the UTL for arsenic in upper interval soil was earlier
lowered from 90.0 mg/kg to 17.1 mg/kg as a result of removing four grid samples (GDBSB00101,
GDBSB00201, GDBSB00301, and GDBSB01101) from the arsenic dataset. They were removed

because they had all been collected from the golf course portion of the zone, and were felt to have
been influenced by possible past applications of herbicides containing arsenates. Two of the four
sample locations (GDBSB001 and GDBSB002) fell in the portion of the zone known to consist of
fill material. Examination of analytical results for these two sample locations showed that reported
concentrations of inorganics were consistently higher than for other grid-based samples for both
upper and lower interval soil, and they have consequently been dropped from the soil datasets for all
inorganics as being unrepresentative of conditions in the rest of the zone. Calculations included in

this package show results for both the original and reduced datasets.

Enclosed are analytical results for all Zone B grid-based soil samples, a copy of the 2-14-97 table
presenting background reference values that exceed RBCs; relevant EPA guidance for generic soil
screening levels and associated dilution-attenuation factors; a table of tolerance factors for datasets
of various sizes, and histograms and normal probability plots (produced with EPA’s GeoEAS
program) for datasets used to calculate UTLs for inorganics in soil. Sample IDs that include a “C”



(e.g., GDB-C-B008-01) represent field duplicates; analytical results are averaged with those of the
primary sample to obtain a single value for each location. UTL calculations are discussed below.

Upper interval soil

The aluminum dataset for upper interval soil had one outlier (GDBSB01101) in addition to the two
discussed above. After all three were removed, original data values (rather than transformed values)
of the remaining samples represented the closest approximation to a normal distribution {pgs. 3a, 3b).
The UTL is obtained by calculating

UTL =X+ ks

where X = the sample mean, s = the sample standard deviation, and k = the tolerance factor (see
enclosed table). In this case, the UTL equals [9714 + (2.736)(2126)] = 15,531 mg/kg, or 15,500
mg/kg when rounded to three significant figures.

Enclosed arsenic matenials include the February 5 memo concerning reduction of the UTL from 90.0
to 17.1 mg/kg, zonewide soil concentrations, and a map of sample locations. After removal of the
four outliers, a square-root transformation (pgs. Sa, Sb) produced the closest approximation to
normality based on skewness, kurtosis, coefficient of variation, box and whisker plot, and normal
probability plot.* UTL =[1.973 + (2.815)(0.769)]* = 17.1 mg/kg.

The two deleted outlier samples represented the two highest concentrations in the beryllium dataset.
After their removal, the square-root transformation (pgs Sa, 5b) provided a somewhat better
approximation of normality than original values. UTL = [0.632 + (2.670)(0.179)]* = 1.23 mg/kg.

After removal of the two outlier samples from the chromium dataset, the LN-transformation (pgs.
4a, 4b) produced a much better approximation of normality than original data values. Because
skewness was still positive after the LN-transformation, a square-root transformation was not
attempted. The square-root transformation generally yields skewness roughly midway between those
of original data and LN-transformed data. UTL = exp[2.711 + (2.670)(0.605)] = 75.7 mg/kg. Also
included in the package are analytical results for Zone B soil samples analyzed for total chromium (all
soil samples) and hexavalent chromium (three field duplicates only); hexavalent chromium was
detected in one of three samples, at a concentration of 0.3 mg/kg.

After removal of the two high outliers, a normal distribution of manganese was best represented by
the original data values (pgs. 3a, 3b). UTL = 178.9 + (2.670)(106.7) = 464 mg/kg.

As with all of the inorganic datasets, the two removed outlier samples reported the highest
concentrations of vanadium in upper interval soil. After their removal, the LN-transformation (pgs.
4a, 4b) gave the closest approximation to a normal distribution for a dataset of n = 13, Although
removal of an additional high data value (51.6 mg/kg at GDBSBO1101) combined with LN-
transformation produced a somewhat closer approximation to normality (pgs. 6a, 6b), this approach
was rejected because the normal probability plot (pg. 6b) revealed an S-shaped curve that is



characteristic of excessive trimming of the dataset. For the dataset illustrated on pg. 4a, UTL =
exp[2.653 + (2.670)(0.630)] = 76.3 mg/kg.

Revised UTLs for upper interval soil, based on the trimmed dataset of n = 13, are as follows:

Aluminum 15,500 mg/kg
Arsenic 17.1 mg/kg
Beryllium 1.23 mg/kg
Chromium  75.7 mg/kg
Manganese 464 mg/kg
Vanadium 76.3 mg/kg

Lower interval soil

After removal of samples GDBSB00102 and GDBSB00202 as outliers, the dataset for arsenic was
still skewed strongly to the right (pg. 3a). LN-transformation of the data yielded a distribution closer
to normal, except for the four nondetect values on the left side of the histogram (pg. 4a). It is
possible that the estimates of the nondetects are too low in this case (pg. 4b). Since the overall
distribution is far from that of the bell-shaped curve of a normal distribution, a nonparametric UTL
will be used in this instance: UTL = maximum detected value = 11.7 mg/kg.

The reduced dataset for chromium is also skewed strongly to the right (pg. 3a), and remains
positively skewed after LN-transformation (pg. 4a). A calculated UTL based on the transformed data
would be: UTL = exp[2.065 + (2.736)(0.956)] = 108 mg/kg. This is an example of a somewhat
inflated UTL due to the combination of a small dataset and a strongly skewed distribution. Under
the circumstances, a nonparametric UTL might be more appropriate: UTL = maximum detected
value = 48.1 mg/kg.

Revised UTLs for lower interval soil, based on the trimmed dataset of n = 12, are as follows:

Arsenic 11.7 mg/kg
Chromium  48.1 mg/kg

* The Texas Natural Resources Conservation Commission (TNRCC), among others, mandates use
of the Shapiro-Wilk test of normality for background datasets in projects under its jurisdiction. It has
been EnSafe’s experience that the Shapiro-Wilk test is too forgiving; that is, the test is too quick to
find a dataset normally distributed when it is obviously not. For this reason, the Shapiro-Wilk test
was not run on Zone B datasets.
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MEMO 3-6-97
TO: Project Tearn members

FROM: EnSafe

RE: Summary of dataset adjustments, data transformations, and calculations used to

obtain background reference values for Zone H

Because datasets for grid-based soil and groundwater samples in Zone H were large enough to allow
computation of statistically based background reference values (n =104 for upper interval soil; n =63
for lower interval soil; n = 11 for both shallow and deep groundwater), parametric upper tolerance
limits (UTLs) with 95% coverage and 95% confidence were calculated for inorganics in these four
media categories. For datasets with fewer than 50% but more than 10% detections, nonparametric
UTLs were obtained by choosing the largest or second largest detected value, depending on the size
of the dataset. As reported in a table dated 2-14-97 and faxed to the Project Team members
following the February Team meeting, calculated background reference values for Zone H equaled
or exceeded RBC:s for upper interval soil for aluminum (UTL = 25,310 mg/kg; RBC = 7,800 mg/kg),
arsenic (UTL = 14.81 mg/kg, RBC = 0.43 mg/kg), beryllium (UTL = 1.466 mg/kg; RBC = 0.15
mg/kg), chromium (UTL = 85.65 mg/kg; hexachrome RBC = 39 mg/kg), manganese (UTL = 636.4
mg/kg, RBC = 180 mg/kg), thaliium (UTL = 0.63 mg/kg; RBC = 0.63 mg/kg), and vanadium (UTL
= 77.38 mg/kg; RBC = 55 mg/kg). For lower interval soil, calculated UTLs exceeded generic soil
screening levels (SSLs) for arsenic (UTL = 35.52 mg/kg, SSL = 29 mg/kg), chromium (UTL = 83.86
mg/kg; hexachrome SSL = 38 mg/kg), and thallium (UTL = 1.3 mg/kg; SSL = 0.7 mg/kg). For
shallow groundwater, UTLs exceeded tap water RBCs for arsenic (UTL = 27.99 ug/L; RBC = 0.045
ug/L), barium (UTL = 323 wg/L; RBC = 260 ug/l), manganese (UTL = 3,391 ug/L; RBC = 84
¢g/L), and thallivm (UTL = 7.66 ug/L; RBC = 0.29 ug/L). For deep groundwater, UTLs exceeded
tap water RBCs for arsenic (UTL = 14.98 pg/L; RBC = 0.045 ug/L) and manganese (UTL = 776.2
ug/L; RBC = 84 ng/L). This memo examines the data and calculations involved in determining those
background reference values, listed above, which exceed their corresponding risk-based standards.
Possible causes of the high background values are discussed. In most cases, background reference

values are recalculated and revised.

The background reference values for Zone H were the first set of such values calculated as part of
the environmental investigation at NAVBASE. Three changes have since been made in the way that
UTLs are calculated, to make the process more statistically sound:

. Nonparametric UTLs for small datasets are less powerful than the parametric UTLs used
when detections exceed 50%, because their associated coverage is lower. For a dataset with
n = 11 (such as for shallow or deep groundwater in Zone H), minimum coverage is 76.2%
with 95% confidence rather than the desired 95% coverage with 95% confidence.
Theoretically, this low coverage would result in a false positive rate of 24% for exceedances



of the UTLs. To avoid this situation, “modified nonparametric UTLs” were originally
calculated in situations where nonparametric UTLs would normally have been called for. As
explained in Appendix J of the Zone H RFI Report, a modified nonparametric UTL is the
mean of a parametric and a nonparametric UTL calculated from the same data. Because
parametric UTLs that are based largely on estimated values for nondetects are likely to be
inaccurate, modified nonparametric UTLs were not used in the recalculations in this memo.
Instead, conventional nonparametric UTLs (i.e., the highest detected value) were used. The

net effect of this change would generally be a lower UTL, giving lower coverage.

. Calculation of parametric UTLs involves a tolerance factor whose magnitude depends partly
on the sample size. For UTLs with 95% coverage and 95% confidence, the tolerance factor
for a dataset of n = 63 is 2.007; for a dataset of n = 104, the tolerance factor is 1.919. For
the sake of simplicity, a tolerance factor of 2.0 was used in all of the original UTL calculations
for Zone H soils. In the recalculations, a tolerance factor corresponding to the actual sample
size was used. The net effect of this change would generally be to increase the UTL for lower
interval soil {n = 63) and decrease it for upper interval soil (n = 104).

. The original UTLs were calculated in a two-step process, as explained in Appendix J of the
RFI Report. A preliminary UTL was calculated using all of the values available, then applied
to the original dataset to identify and remove “outliers,” The final UTL was then calculated
using the remaining values. In datasets with no natural outliers, the effect of this procedure
was to remove legitimate data vaiues inappropriately. In the recaicuiations, EnSafe has
attempted to identify outliers in more conventional fashion, as discussed in Appendix J.
Where any question existed as to whether a high value was an outlier, it was generally
removed from the dataset. The net effect of this change, where it could be identified, was
most often a slight increase in the UTL.

Enclosed are analytical results for all Zone H grid-based soil and groundwater samples, and
histograms and normal probability plots (produced with EPA’s GeoEAS program) for datasets used
to calculate UTLs for inorganics in soil. Relevant EPA guidance for generic soil screening levels and
associated dilution-attenuation factors as well as a table of tolerance factors for datasets of various
sizes were included with the earlier package covering Zone B background values. Sample IDs that
include a “C” (e.g., GDH-C-B007-01) represent field duplicates; analytical results are averaged with
those of the primary sample (the “S” sample) to obtain a single value for each location. UTL
calculations are discussed below. Some calculated values are slightly different from those in the Zone

H report due to rounding differences.
Upper interval soil

Aluminum data values exhibit a very regular, lognormal distribution (pgs. la, 1b, 2a, 2b). Applying
the parametric UTL formula

UTL = X + ks



where X = the sample mean, s = the sample standard deviation, and k = the tolerance factor, the
preliminary UTL was calculated for a lognormal distribution as UTL = exp [8.797 + (2)(0.713)] =
27,529 mg/kg. This value was applied to the original dataset as a screen, resulting in the removal of
samples GDHSB04101 (32,700 mg/kg) and GDHSB04901 (29,600 mg/kg). The final UTL was then
calculated as UTL = exp [8.767 + (2)(0.686)] = 25,311 mg/kg, rounded to 25,300 mg/kg. This is
a case where the two high values should not have been removed as outliers. Virtually ali of the
aluminum in Zone H soil appears to be present as aluminosilicate clay minerals, probably smectite and
kaolinite; indeed, aluminum probably serves as an accurate gauge of clay content in the soil samples.
Aluminum and iron concentrations are highly correlated in Zone H soil (r = 0.90 for upper interval
soil grid samples; for lower interval soil grid samples, » = 0,95). Although iron is not a clay matrix
element like aluminum, it is strongly associated with the surfaces of clay minerals. Taken together,
aluminum and iron account for much of the variability of the other metals, as can be seen when
crossplots are constructed for aluminum or iron vs. the trace metals. The two soil samples that were
removed from the dataset were among the highest in iron as well as aluminum, indicating simply that
their clay content was high. The correct UTL calculated for the original dataset (n = 104) should be
UTL = exp [8.797 + (1.919)(0.713)] = 25,984 mg/kg, rounded to 26,000 mg/kg.

The distribution of arsenic is strongly skewed to the right (pg. 1a), but LN-transformation
overcorrected it, resulting in negative skewness (pgs. 2a, 2b). A square-root transformation provided
a better approximation of normality (pgs. 3a, 3b), leading to a preliminary UTL calculation of
UTL = [2.259 + (2)(0.879)F = 16.14 mg/kg. This value was applied as a screen to the original
dataset, resulting in the removai of three high vaiues; GDHSB03401 = 17.2 mg/kg; GDHSB03501
= 17.6 mg/kg; and GDHSB04101 = 18.4 mg/kg. The reduced dataset (n = 101) was square-root
transformed (pgs. 4a, 4b) and the UTL was recalculated as UTL = [2.201 + (2)(0.823)]* = 14.8
mg/kg, which was used in the RFI Report. When the three “outliers” were examined, they were
found to have been collected from the same low-lying, grassy field in the eastern part of the zone.
Given the possibility that the area could be contaminated, two other samples collected from the same
field were removed (GDHSBO03601 = 13.7 mg/kg and GDHSB04201 = 9.1 mg/kg), the dataset was
again square-root transformed (pgs. 5a, 5b), and a new UTL {n = 99) was calculated as UTL =
[2.178 + (1.926)(0.813)]* = 14.0 mg/kg. Further examination of the five “outliers,” however,
revealed that the aluminum and iron concentrations of samples 34-01, 35-01, 36-01, and 41-01 were
among the very highest of the upper interval soil grid samples, as were concentrations of many other
trace metals in these samples. Sample 42-01, which had been removed because of its location in the

field rather than its high arsenic concentration (AS = 9.1 mg/kg, which is less than one standard
deviation above the mean), exhibited much lower aluminum and iron concentrations:



Sample | 'AS“(‘rr‘lg/kg) AL (mg/kg) FE (mg/kg)
GDHSB03401 17.2 23,400 30,900
GDHSBO03501 17.6 20,200 31,800
GDHSB03601 13.7 20,700 30,300
GDHSBO04101 184 | ' 32,700 38,800
GDHSB04201 S.1 5,760 7,460

The relationship of the aluminum and iron concentrations shown above to the overall aluminum and
iron distributions can be seen on the enclosed histograms “Distribution of AL in surface soil grid
samples” and “Distribution of FE in surface soil grid samples.” Correlation of arsenic and aluminum
concentrations among grid samples is » = 0.69; correlation of arsenic and iron concentrations is r =
0.80. The field where the five “outliers” were collected is low-lying and occasionally subject to
standing water. Chemical analyses of the samples reflect high clay content, with relatively high levels
of trace metals adsorbed to the surfaces of the clay particles. Since the elevated arsenic
concentrations of the five samples appear to be naturally occurring, the samples were added back
into the dataset and the UTL was recalculated as UTL = [2.259 + (1.919)(0.879)]* = 15.6 mg/kg.

Beryllium concentrations are lognormally distributed (pgs. 1a, 1b, 2a, 2b). The original UTL was
calculated as UTL = exp [-1.308 + (2)(0.845)] = 1.465 mg/kg. When this value was applied as a
screen, none of the original values exceeded it, and it was used in the report. The probability plot
(pg. 2b) shows that the highest values in the dataset are slightly lower than would be expected in a
lognormal distribution. Of the seven samples with the highest beryllium concentrations, six also have
concentrations of aluminum and iron that are among the highest in the zone:

Sample BE(mg/kg 8fk
GDHSBO034 1.0 30,900
GDHSBO036 11 30,300
GDHSB041 14 38,800
GDHSB049 12 32,200
GDHSB068 1.0 8,100
GDHSB079 12 28,100
GDHSBOQOV | 1.2 36,700

Three of the seven samples shown above (34-01, 36-01, and 41-01) were among the five potential

4



outliers for arsenic. Because the highest beryllium concentrations detected in the samples are
considered to be naturally occurring, the UTL was recalculated only to correct the tolerance factor,
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as foiiows: UTL = exp [-1.308 + (1.919)(0.845)] = 1.368 mg/kg, rounded to 1.37 mg/kg.

The chromium distribution is also positively skewed (pgs. 1a, Ib), and it was LN-transformed (pgs.
2a, 2b). The preliminary UTL was calculated as UTL = exp [2.951 + (2)(0.799)] = 94.54 mg/kg.
When this value was applied as a screen, two data points (GDHSB08601 = 114 mg/kg;
GDHSBO08701 = 107 mg/kg) were removed, and the final UTL for n = 102 was calculated as UTL
= exp [2.916 + (2)(0.767)] = 85.63 mg/kg (pgs. 4a, 4b). The relationship of chromium to aluminum
and iron in samples with high chromium concentrations is as follows:

Sample  CR(mgkg) | . AL(mghke) | FE(mghg)
GDHSBO3501 | sss 20,200 31,800
GDHSB01501 56.9 5880 6,830
GDHSB04101 57.0 32,700 38,800
GDHSB04901 61.8 29,600 32,200
GDHSBO7501 63.5 8,180 8,640
GDHSB08501 63.8 8,550 7,830
GDHSB07901 65.6 26,600 28,100
GDHSB0%001 87.6 22,300 36,700
GDHSB08701 107 10,800 9,090
GDHSBO08601 114 4,400. 5,970

Although the prominence of samples with unusually high levels of aluminum and iron is apparent in
the table above, the argument for naturally occurring chromium is not as strong as that for arsenic
and beryllium because correfations with the two normalizing metals are lower. Chromium correlates
with both aluminum and iron at »=0.58. Based on conventional criteria for identifying outliers,
three samples have now been removed from the original dataset: the two formerly removed, plus
GDHSB09001 (87.6 mg/kg). A new UTL based on a LN-transformation would be UTL = exp
[2.901 + (1.923)(0.755)] = 77.7 mg/kg; the new UTL based on a square-root transformation would
be UTL = [4.56 + (1.923)(1.625))* = 59.1 mg/kg. The square-root transformation is preferred
because of lower skewness and kurtosis, as well as a more regular box and whisker plot.

The distribution of manganese values is strongly skewed to the right (pg.1a), and remains slightly
skewed in a positive direction after being LN-transformed (pg.2a). The preliminary UTL was



calculated as UTL = exp [4.282 + (2)(1.167)] = 747 mg/kg. When this value was applied as a screen,
two values were removed: GDHSB04201 (1,200 mg/kg) and GDHSB04101 (983 mg/kg). The
calculated UTL for the reduced dataset of n = 102 was UTL = exp [4.229 + (Z)X1.114)] = 637
mg/kg. The two values that were removed both represented samples from the open field that was
the source of the arsenic “outliers” discussed above. The three samples next lowest in manganese
(79-01 = 597 mg/kg; 34-01 = 589 mg/kg; and 90-01 = 518 mg/kg) are all among the group
previously identified as being high in aluminum and iron, and therefore probably clay-rich.
Manganese is correlated with aluminum at » = 0.64; it is correlated with iron at » = 0.70. The two
samples that were removed originally (41-01 and 42-01) have now been identified as outliers based
on conventional criteria (pgs. 3a, 3b, 4a, 4b), and the UTL has been recalculated to reflect a more

accurate tolerance factor: UTL = exp [4.229 + (1.921)1.114)] = 583 mg/kg.

The reported UTL for thallium is nonparametric because thallium was detected in only 10 of 104
samples. With a sample size of 104, a UTL with 95% coverage and 95% confidence is best
approximated by using the second highest value, which is 1.1 mg/kg. This value was applied as a
screen to remove the two highest original values, leaving 0.63 mg/kg as the second highest value in
the reduced dataset. As discussed earlier, there is no statistical justification for removing data values
from the background dataset unless they are identified as conventional outliers. Therefore, the
nonparametric UTL for thallium should be 1.1 mg/kg, which is the second highest value in the
original dataset.

As with the other trace metals, the vanadium distribution is strongly skewed to the right (pgs. 1a,
1b). Both LN-transformation {pgs. 2a, 2b) and square-root transformation (pgs. 3a, 3b) were
performed, with the LN-transformation considered a better approximation of normality by all criteria.
The preliminary UTL was calculated as UTL = exp [2.889 + (2)(0.730)] = 77.4 mg/kg. When this
value was applied as a screen, none of the original data values was eliminated, and it was used in the
report. The seven highest vanadium detections (41-01 = 74.8 mg/kg; 90-01 = 71.7 mg/kg; 35-01 =
69.1 mg/kg; 49-01 = 68.3 mg/kg; 79-01 = 66.5 mg/kg; 34-01 = 60.1 mg/kg; 36-01 = 55.5 mg/kg)
came from the samples that also reported the seven highest concentrations of both aluminum and iron,
indicating a natural origin for the vanadium. Correlation of vanadium and aluminum is » = 0.89;
correlation of vanadium and iron is » = 0.90. The UTL has been recalculated to reflect a more
accurate tolerance factor: UTL = exp [2.889 + (1.919)(0.730)] = 73.0 mg/kg.

Lower interval soil

Initial examination of the arsenic dataset revealed an obvious outlier for both original (pgs. la, 1b)
and transformed (2a, 2b) data values. A preliminary UTL was calculated as UTL = exp [1.767 +
(2)(1.004)] = 43.6 mg/kg and used as a screen to remove sample GDHSB04302 (136 mg/kg) from
the dataset. The outlier sample was collected from a landscaped area next to barracks Building 676,
WNW of SWMU 14; the corresponding upper interval soil sample reported 5.2 mg/kg AS. For the
reduced dataset (n = 62}, a final UTL was calculated as UTL = exp [1.716 + (2)}(0.927)] = 35.5
mg/kg (pgs. 4a, 4b, 4c), which was used in the report. The samples with the highest arsenic



concentrations, including 43-02 (the outlier) were also high in both aluminum and iron:

Sample AS (mg/kg) AL (mg/kg) FE (mg/kg)
GDHSB04302 136 45,300 44,600
GDHSB08202 283 41,400 54,300
GDHSB04002 228 ‘ 19,100 34,900
GDHSBO03402 223 31,700 46,800
GDHSB04602 203 31,100 40,400
GDHSB04502 19.1 34,600 40,600
GDHSBO01502 18.5 19,600 33,600
GDHSB03902 18.3 32,600 30,000

Arsenic correlated with aluminum at r = 0.87, and with iron at r = 0.92. For the current study, data
values were square-root transformed, which yielded a closer approximation to a normal distribution
than the LN-transformation. A new UTL was calculated as UTL =[2.594 + (2.01)(1.07)]* = 22.5

mg/kg.

Chromium was evaluated as original values (pgs.1a, 1b), LN-transformed values (pgs. 2a, 2b), and
square-root transformed values (pgs. 3a, 3b). A preliminary UTL based on the square-root
transformation was calculated as UTL = [5.21 + (2)(2.077)])* = 87.7 mg/kg. When this value was
used as a screen, sample GDHSB08602 (95.2 mg/kg) was removed from the dataset. A UTL based
on the reduced dataset (n = 62) and the square-root transformation (pgs. 6a, 6b) was calculated as
UTL = [5.136 + (2)(2.011)]* = 83.9 mg/kg, which was used in the report. The outlier sample, 86-02,
was collected from a grassy field near the edge of a wooded area, near the parking lot around
barracks Building 668 in the southern part of the zone. The sampling location had been relocated
several feet after the initial boring turned up a small amount of mixed trash. The upper interval soil
sample from the same location reported 114 mg/kg chromium, which was the highest chromium
concentration of any Zone H grid-based soil sample. None of the 135 Zone H soil samples analyzed
for hexachrome reported a detection. Sample 86-02, the outlier, was low in aluminum (4,520 mg/kg)
and iron (5,920 mg/kg). Other samples that were high in chromium had varied levels of the two
normalizing metals:
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Sample CR(mgkg) | AL(mghkg) |  FE(mgks)
GDHSB03%02 72.6 32,600 30,000
GDHSB08202 72.1 41,400 54,300
GDHSB04302 68.6 45,300 44,600
GDHSB01202 64.9 4,810 4,540
SGCSB00202 64.2 4,660 4,380
GDHSB00302 61.8 5,770 5,730

Chromium correlated with aluminum at 7= 0.58 and with iron ar r = 0.55. On reexamination, sample
86-02 remained as the only outlier, based on conventional criteria, and the UTL was recalculated to
reflect a more accurate tolerance factor: UTL =[5.136 +(2.01)(2.011)] = 84.2 mg/kg.

Thallium was detected in only 9 of 63 samples, at concentrations ranging from 0.36 mg/kg to 1.9
mg/kg (in GDHSB04502). The second highest value serves as the nonparametric UTL: 1.3 mg/kg
(in GDHSB03902).
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GDBSB0O0802

GDBSBO1501

5075B00102

10/04/95 "~ 1.4000

GDB-S-B004-01 " GDBSB00401 Soil .10/04/95 1.7000 J

GDB-S-E014-02 .GDBSB01402 10/04/95 1.7600

GDBSBO0702.  Soil 10/04/95 -3.4000

GDB-S-B006-02 GDBSB0O0602 -Soil 1G/04/95 3.8000

 GDBSB00901 il  10/04/95

~GDBSB00501 il /O " §.3000

GDBSBOO70L. i : ' -, .6.5000

+12.3000

22.1000
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Zone B: Arsenic in surface soil grid samples 2/5/97

The calculated UTL for arsenic in surface soil grid samples in Zone B is 90.0 mg/kg, based on the
dataset of 15 samples collected at grid locations in the zone. Because the Zone B arsenic UTL is
high compared to those of other zones, SCDHEC requested that EnSafe reexamine the locations
of the soil grid samples vs. the analytical results, Four of the 15 soil grid sample locations fell in
the golf course that makes up a large part of the zone. Arsenic concentrations in the surface soil
samples from these locations represent four of the five highest arsenic levels measured in surface
soils in the zone:

GDBSB00101 19.6 mg/kg (combined “S” [12.3] and “C” [26.9] concentrations)
GDBSB00201 22.1 mg/kg
GDBSB00301 9.0 mg/kg
GDBSBO01101 28.7 mg/kg

Because arsenates are common constituents of herbicides that may have been applied to the golf
course in the past, the somewhat elevated levels of arsenic in surface sdil samples from the golf
course may reflect past applications. AOC 507, the oniy site in Zone B, is near but not a part of
the golf course, and the arsenic concentrations of its surface soil samples are more typical of
levels seen in grid samples collected away from the course. Since arsenic concentrations in the
soil of the golf course may not be representative of background conditions that apply to the site,
the four surface soil samples that were collected on the golf course were removed from the
arsenic dataset and an alternate UTL was calculated using the 11 remaining sample results. After
performing a square-root transformation of the data (the original dataset was log-transformed),
the new UTL was determined to be 17.1 mg/kg.

Attached is a copy of a printout with analytical results for arsenic in all soil samples collected in
Zone B, in order of concentration. Surface and subsurface results for the four goit course
samples are highlighted.



MEMO 3-3-97

TO: Project Team members

FROM: EnSafe

RE: Summary of dataset adjustments, data transformations, and calculations used to

obtain background reference values for Zone B

Because datasets for grid-based soil samples in Zone B were [arge enough to allow computation of
statistically based background reference values (n =15 for upper interval soil; n =14 for lower interval
soil}, upper tolerance limits (UTLs) with 95%coverage and 95% confidence were calculated for
inorganics in soil. Background reference values were not calculated for inorganics in groundwater
because groundwater was not sampled at AOC 507, which was the only site investigated in Zone B.
As reported in a table dated 2-14-97 and faxed to the Project Team members following the February
Teamn meeting, calculated background reference values for Zone B exceeded RBCs for upper interval
soil for aluminum (UTL = 15,500 mg/kg, RBC = 7,800 mg/kg), arsenic (UTL = 17.1 mg/kg; RBC
= 0.43 mg/kg), beryllium (UTL = 1.34 mg/kg, RBC = 0.15 mg/kg), chromium (UTL = 80.2 mg/kg;
hexachrome RBC = 39 mg/kg), manganese (UTL = 589 mg/kg; RBC = 180 mg/kg), and vanadium
(UTL = 156 mg/kg; RBC = 55 mg/kg). For lower interval soil, calculated UTLs exceeded generic
soil screening levels (SSLs) for arsenic (UTL = 48.9 mg/kg; SSL = 29 mg/kg) and chromium (UTL
= 75.7 mg/kg, hexachrome SSL = 38 mg/kg).

As discussed in a memo distributed at the February Project Team meeting (“Zone B: Arsenic in
surface soil grid samples,” dated 2-5-97), the UTL for arsenic in upper interval soil was earlier
lowered from 90.0 mg/kg to 17.1 mg/kg as a result of removing four grid samples (GDBSB00101,
GDBSB00201, GDBSB00301, and GDBSBO01101) from the arsenic dataset. They were removed
because they had all been collected from the golf course portion of the zone, and were felt to have
been influenced by possible past applications of herbicides containing arsenates. Two of the four
sample locations (GDBSB001 and GDBSB002) fell in the portion of the zone known to consist of
fill material. Examination of analytical results for these two sample locations showed that reported
concentrations of inorganics were consistently higher than for other grid-based samples for both
upper and lower interval soil, and they have consequently been dropped from the soil datasets for all
inorganics as being unrepresentative of conditions in the rest of the zone. Calculations included in
this package show results for both the original and reduced datasets.

Enclosed are analytical results for all Zone B grid-based soil samples; relevant EPA guidance for
generic soil screening levels and associated dilution-attenuation factors; a table of tolerance factors
for datasets of various sizes; and histograms and normal probability plots (produced with EPA’s
GeoEAS program) for datasets used to caiculate UTLs for inorganics in soil. Sample IDs that include
a“C” (e.g., GDB-C-B008-01) represent field duplicates; analytical results are averaged with those
of the primary sample to obtain a single value for each location. UTL calculations are discussed
below.
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Upper interval soil

The aluminum dataset for upper interval soil had one outlier (GDBSB01101) in addition to the two
discussed above. After all three were removed, original data values (rather than transformed values)
of the remaining samples represented the closest approximation to a normal distribution (pgs. 3a, 3b).
The UTL is obtained by calculating

UTL=X +ks

where X = the sample mean, s = the sample standard deviation, and k = the tolerance factor (see
enclosed table). In this case, the UTL equals {9714 + (2.736)(2126)] = 15,531 mg/kg, or 15,500
mg/kg when rounded to three significant figures.

Enclosed arsenic materials include the February 5 memo concerning reduction of the UTL from 90.0
to 17.1 mg/kg, zonewide soil concentrations, and a map of sample locations. After removal of the
four outliers, a square-root transformation (pgs. 5a, 5b} produced the closest approximation to
normality based on skewness, kurtosis, coefficient of variation, box and whisker plot, and normal
probability plot.* UTL =[1.973 + (2.815)(0.769)]* = 17.1 mg/kg.

The two deleted outlier samples represented the two highest concentrations in the beryllium dataset.
After their removal, the square-root transformation (pgs 5a, 5b) provided a somewhat better
approximaticn of normality than original values. UTL =[0.632 + (2.670)(0.179)]* = 1.23 mg/kg.

After removal of the two outlier samples from the chromium dataset, the LN-transformation (pgs.
4a, 4b) produced a much better approximation of normality than original data values. Because
skewness was still positive after the LN-transformation, a square-root transformation was not
attempted. The square-root transformation generally yields skewness roughly midway between those
of onginal data and LN-transformed data. UTL = exp[2.711 + (2.670)(0.605)] = 75.7 mg/kg. Also
included in the package are analytical results for Zone B soil samples analyzed for total chromium (all
soil samples) and hexavalent chromium (three field duplicates only); hexavalent chromium was
detected in one of three samples, at a concentration of 0.3 mg/kg.

After removal of the two high outliers, a normal distribution of manganese was best represented by
the original data values (pgs. 3a, 3b). UTL = 178.9 + (2.670)(106.7) = 464 mg/kg.

As with all of the inorganic datasets, the two removed outlier samples reported the highest
concentrations of vanadium in upper interval soil. After their removal, the LN-transformation (pgs.
4a, 4b) gave the closest approximation to a normal distribution for a dataset of n = 13. Although
removal of an additional high data value (51.6 mg/kg at GDBSB(01101) combined with LN-
transformation produced a somewhat closer approximation to normality (pgs. 6a, 6b), this approach
was rejected because the normal probability plot (pg. 6b) revealed an S-shaped curve that is
characteristic of excessive trimming of the dataset. For the dataset illustrated on pg. 4a, UTL =
exp{2.653 + (2.670)(0.630)] = 76.3 mg/kg.



Revised UTLs for upper interval soil, based on the trimmed dataset of n = 13, are as follows:

Aluminum 15,500 mo/kg
Arsenic 17.1 mg/kg

Beryllium 1.23 mg/kg
Chromium  75.7 mg/kg
Manganese 464 mg/kg
Vanadium 76.3 mg/kg

Lower interval soil

After removal of samples GDBSB00102 and GDBSB00202 as outliers, the dataset for arsenic was
still skewed strongly to the right (pg. 3a). LN-transformation of the data yielded a distribution closer
to normal, except for the four nondetect values on the left side of the histogram {pg. 4a). It is
possible that the estimates of the nondetects are too low in this case (pg. 4b). Since the overall
distribution is far from that of the bell-shaped curve of a normal distribution, a nonparametric UTL
will be used in this instance; UTL = maximum detected value = 11.7 mg/kg.

The reduced dataset for chromium is also skewed strongly to the right (pg. 3a), and remains
positively skewed after LN-transformation (pg. 4a). A calculated UTL based on the transformed data
would be:  UTL = exp[2.065 + (2.736)(0.956)] = 108 mg/kg. This is an example of a somewhat
inflated UTL due to the combination of a small dataset and a strongly skewed distribution. Under
the circumnstances, a nonparametric UTL might be more appropriate: UTL = maximum detected

value = 48.1 mg/kg.

Revised UTLs for lower interval soil, based on the ttmmed dataset of n = 12, are as follows:

Arsenic 11.7 mg/kg
Chromium  48.1 mg/kg

* The Texas Natural Resources Conservation Commission (TNRCC) mandates use of the Shapiro-
Wilk test of normality for background datasets in projects under its jurisdiction, It has been EnSafe’s
experience that the Shapiro-Wilk test is too forgiving; that is, the test is too quick to find a dataset
normally distributed when it is obviously not. For this reason, the Shapiro-Wilk test was not run on
Zone B datasets.
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Zone B: Arsenic in surface soil grid samples 2/5/97

The caiculated UTL for arsenic in surface soil grid samples in Zone B is 90.0 mg/kg, based on the
dataset of 15 samples collected at grid locations in the zone. Because the Zone B arsenic UTL is
high compared to those of other zones, SCDHEC requested that EnSafe reexamine the locations
of the soil gnd samples vs. the analytical results. Four of the 15 soil grid sample locations fell in
the golf course that makes up a large part of the zone. Arsenic concentrations in the surface soil
samples from these locations represent four of the five highest arsenic levels measured in surface

soils in the zone:

GDBSB00101 19.6 mg/kg (combined “S” [12.3] and “C” [26.9] concentrations)
GDBSB00201 22.1 mg/kg

GDBSB00301 2.0 mg/kg

GDBSBO01101 28.7 mg/kg

Because arsenates are common constituents of herbicides that may have been applied to the golf
course in the past, the sonfewhat elevated levels of arsenic in surface sdil samples from the goif
course may reflect past applications. AOC 507, the only site in Zone B, is near but not a part of
the golf course, and the arsenic concentrations of its surface soil samples are more typical of
levels seen in grid samples collected away from the course. Since arsenic concentrations in the
soil of the golf course may not be representative of background conditions that apply to the site,
the four surface soil samples that were collected on the golf course were removed from the
arsenic dataset and an alternate UTL was calculated using the 11 remaining sample results. After
performing a square-root transformation of the data (the original dataset was log-transformed),
the new UTL was determined to be 17.1 mg/kg.

Attached is a copy of a printout with analytical resuits for arsenic in all soil samples collected in
Zone B, in order of concentration. Surface and subsurface results for the four golf course
samples are highlighted.
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7440-38-2 - /Arsenic fAsi]

>= 0.0000 for MG/KG

Soil 10/04/95 0.8300 U

40s

507-5-B001-02 5075B00102 Soil 10/04/9S 0.9400 U MG/KG LS5408 VAL

GDB~-S~-B005-02 GDBSB00502 ‘Soil 10/04/55 0.9600 U MG/KG L5540s . VAL

5075B00302 =~ Soil 10/04/95

GDB-S-B004-01 ' GDBSB00401 10704/95 ' g  L5540S

GDB-S-B014-02  GDBSB01402 Soil 10/04/95 1.7000 J " MG/KG L55408 VAL

10/04/95 2.0000. L55305

GDB-S-BO06-02 GDBSB0O0602 - Soil 10/04/95 3.8000 MG/KG L5540S = VAL

 GDB-S-B009-01 .  GDBSBO0901 Soil . 10/04/95 4.2000 MG/KG L55408 VAL

GDB-~S=B007-01 - 10/ . 155408

- GDB-S-B003-01. GDBSB00301 ‘Soil 10/04/95 = - 29,0000 ‘MG /KG L5540s VAL

L5540S

3 GDB-S-B002-01

10/04/95 L5540S

BO1101  Soil 10/04/95 28.7000 MG/KG L5540S. VAL

+GDB~-5-B011-0T. GDBS
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Normal Probability Plot for As_1
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Mormal Probhakility Plot for LM{(As_1) . R
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Normal Probakility Plot for LN{(As_1)
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Normal Proaobabilityu Plot for sqrtAS_1
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MEMO 1/15/97
FROM: EnSafe

TO: SCDHEC

RE: Background concentrations in Zone B soils

This memo responds to the following two general questions raised by SCDHEC during their review of the -
Zone B RFI Report:

. ‘Why is the 95% UTL for arsenic in surface soil so much higher than the maximum reported arsenic
concentration n soil s cnmnlpc‘?

. Is the method cited for UTL determination appropriaté for soil? (The EPA reference specifies

groundwater.)
The 95% UTL calculated for arsenic in surface soil in Zone B is 90.0 mg/kg (risk=2E~04), which is the

highest arsenic surface soil UTL among the six calculated to date (for Zones A, B, C, E, H, and I). It was
calculated by the method presented in Section 5 of the report and previously approved by SCDHEC and
USEPA, according to the following formula for log-transformed data values:

UTL = exp [X + ks]
= exp [1.654 + (2.566)(1. 109)]
=89.99 mg/kg

The maximum reported arsenic concentration in Zone B surface soil is 28.7 mg/kg (risk=8E-05) in grid
sample GDBSBO1101; the maximum for subsurface soil is 33.9 mg/kg in grid sample GDBSB00102. The °
calculated 95% UTL for arsenic in subsurface soil in Zone B is 48.9 mg/kg.

Site sample concentrations of inorganic chemicals are compared to background for evidence of site

contamination. As explained in Section 5 of the report, the UTL approach for determining background

levels was adopted in part because it makes allowance for the natural variability of background chemical

distributions. ‘The type of highly variable, naturally occurring background concentrations seen in
NAVBASE soils would result in unacceptably high false positive rates of contaminant determination if the

comparisons were made using the “2 x mean” or similar rule-of-thumb ‘approaches. In answer to the

second question shown above, the UTL method is purely a statistically-based answer to the problem of data

variability, and should not be limited to a specific environmental medium. The same kinds of random

mixing and dilution that yield the observed distribution of chemical concentrations in groundwater apply
to soil concentrations. In the past, USEPA has recommended the use of upper tolerance limits for soils in
the context of deciding whether a site meets cleanup standards (Methods for Evaluating the Attainment
of Cleanup Standards Volume I: Soils and Solid Media, EPA 230/02-89-042, 1989). The fact that the
~ tolerance limit method may be discussed in USEPA guidance exclusively in terms of groundwater

monitoring is largely a function of pubhcatlon dates for soil and groundwater gulda.nce vs. evolving ideas

about appropriate statistical methods.’

A tolerance interval is constructed to contain a designated proportion of the population. 1If it is designed
to contain 95% of all possible samples, the 5% of the samples that can be expected to exceed the UTL



represent the faise posiiive rate for uncontaminated sites. To contain the desired 95% of the population
(“95% coverage™) with 95% confidence, the UTL must be set somewhat higher than would be the case for
a lower confidence level. Use of UTLs with 95% coverage and 95% confidence is justified because the
UTL test is intended to identify individual “hot spot” samples only; the companion Wilcoxon test is
designed to identify entire sites whose sample concentrations significantly exceed background.

Background arsenic concentrations in Zone B surface soil are lognormally distributed, as are most
elemental metal concentrations in uncontaminated soils worldwide (Frink, C. R., 1996, A Perspective on
Metals in Soils, Journal of Soil Contamination, 5(4):329-359). Compared to the normal distribution, the
lognormal distribution is generally a better representation of the reality of environmental data values; and
use of the lognormal distribution allows analysis of datasets using standard statistical methods. Page 2 of
the 1992 Addendum to the Interim Final Guidance, Statistical Analysis of Ground-water Monitoring Data
at RCRA Facilities contains a discussion of lognermal environmental data, with possible explanations of

why lognormal distributions often apply.

One effect of employing the lognormal distribution as a model is to incorporate high-end data values that
might otherwise be considered outliers. To include 95% of the lognormally distributed values within the
tolerance interval with 95% confidence, the UTL must be set relatively high. For the rather small surface
soil datasets in Zone B (both background and site), the highest observed data values (i.e., the largest
observed concentrations) can be expected to be considerably lower than the UTL, simply because the
highest background surface soil concentrations in the ground were probably not seen in the limited volume
of soil that was sampled. Since the UTL is based on a theoretical distribution, it takes these possibly unseen
higher concentrations into account. The highest observed arsenic concentration in surface soil at a Zone
B site is 5.4 mg/kg (fisk=1E=0%) in sample 507SB00301, which is lower than the maximum background
concentration for Zone B (28.7 mg/kg) and lower than the lowest arsenic surface soil UTL for any zone
(9.4 mg/kg for Zone A), indicating that the relatively high UTL in Zone B should not be of concern because
none of the site samples comes close to exceeding it.

The maximum atsenic surface soil concentration (5.4 mg/kg) equates with a human health risk of 1E-05.
‘The maximum arsenic surface soil concentration in background samples (28.7 mg/kg) equates with a risk
of 8E-05. The arsenic UTL calculated for Zone B surface soil (90 mg/kg) equates with a risk of 2E-04.
USEPA has accepted arsenic-related risk up to 1E-03 due to the low mortality rate of the associated cancer.
Consequently, arsenic soil concentrations for AOC 507 and Zone B background would not result in an
unacceptable risk.

" - The method for deterrrumng COPCs at NAVBASE sites uses a twofold decnsmn process. Oneis a direct

comparison of maximum site sample concentrations with UTLs and the other is a comparison of site vs.
background populations (the Wilcoxon rank sum test). Arsenic concentrations in surface soil at AQC 507
neither exceeded the background UTL individually nor were significantly higher than the batkground
population as a group. Therefore, arsenic was not considered in the formal human health risk assessment
for AQC 507. -



r’
APPENDIX 3

TOLERANCE FACTCD (K) FOR ONE-SIDED NORMA LERANCE INTERVALS
WITH PROBABILITY LEVEL (CONFIDENCE FACTOR)
Y = 0.95 AND COVERAGE P = 95%

3 7.655 75 1.9712
4 5.145 100 1.924
5 4.202 125 1.891
6 3.707 150 1.868
7 3.399 175 1.850
8 3.188 200 1.836
9 3.031 225 1.824
10 2.911 250 1.814
11 2.815 2715 1.806
12 - 2.736 300 1.799
13 2.670  as 1.792
14 2.614 350 1.787
15 2.566 375 1.782
16 2.523 400 1.777
17 2.486 425 1.773
18 2.543 450 1.769
19 2.423 475 1.766
20- 2.396 500 1.763
21 2.371 525 1.760
22 2.350 550 1.757
23 2.329 575 1.754
24 2.309 600 1.752
25 2.292 625 1.750
30 2.220 650 1.748
35 2.166 675 1.746
40 2.125 700 1.744
45 2.092 725 1.742
50 2.065 750 1.740
55 2.036 775 1.739
60 2.017 800 1.737
65 2.000 825 0.736
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DATALCP3 CHARLESTON - ZONE B page: 8
02/14/96 Background Levels in Soil Grid Samples Time: 09:11
Metals and CN ~- All Values
SWOLG-META. .. .. . .0 GDB-5-B003-01"
I GDRSBOO301
L5540-88 " .
GOBSB0O3071 - ... -
10704798 - - 1
10/12/95 . -
10/22/95
seit -
, A| MG/KG | :
- .CAS#. VAL [L55408 . VAL
—=  7429-90-5 |Aluminum (AL} o 11500, ,
_0.40-:35-_0, Antimony. . (Sb) - A SR TE 2.6 127 U
- 440-38-2 |Arsenic (As) . .33.9 15.8 9. )
7440-39-3 |Barium (Bay™ - - - BES- PO | 58.9 29.6
7440-41-7 Beryllium (Be) 1.7 J 1.1 J 0.46 U
7440-43+9 [Cadmium (cd) ssRs U . 1.8 v 1.2 v
7440-70-2 |calcium (Ca) , 24900.. 24100, 11400.
7440-47-3 {Chromiam {Cry. - Y - 9 4 485 20.
7440-4B-4 |Cobalt (Co) J 106 4 8. J 2. J
7440-50-8 [Copper (Cu) - i ST - 36.8 14.2
7439-89-6 |Iron (Fe) 49100. 29100. 11500.
7439-92-1 |Lead ¢Pb). LT U145, J 79.6
7439-95-4 [Magnesium (Mg) 9070. " 4640, 1480.
7439-96-5 [Marigariese ‘(Mn) T4 288, 178.
T439-97-6 [Mercury (Hg) ) 2. 0.73 1.3
7440~02-OJNiqkéU:(ui;- - 15.5 10.6 .
7440-09-7 [Potassium (K) o 4720. J 2250, J 791. J
7782-49-2 [Seleni T o 2a C 2 0.75 U
7440-22-4 |Silver u. 1.! u 14 ] 1.1 J
7440-23-5 {[sodium (Na) . s - 12600, 934, J 298
40-28-0 [Thallium (T1) u 2. u 14 U 1. u
- 40-62-2 Vanadium (V) o 102. _ - 22.7 '
~  7440-66-6|Zinc (Zn) o 199. 266, 238. 88.2
7440-31-51Tin (Sh) . dook 2004 J 9.6 U 13.3 U 9.4 J
5§7-12-5 [Cyanide {Cn) 7777777277 27772771177 2222277172 2771777711
(Nb tN hits in Pene B8
:‘.:DJ" . )

*%x* Validation Complete #***




DATALCP3

CHARLESTON - ZONE B Page: 9
02/14/96 Background Levels in So0il Grid Samples Time: 09:11
Metals and CN -- All Values
SWBL6-META - GDB-S-B00G-02: -
M GDBSB00602
L5540-127
60 GDBSBO0GO -
) N ¥ 10/04 /95
i &10/12/95 10/12/95
= 10g22795 110722795 10722795
clseit | seil . Soil S
A MG/KG A MG/KEG A| MG/KG A
CAS #|Parameter = VAL | L55408 - VAL | L55408 VAL | 155408 VAL | L55408 VAL,
429-90-5 |Aluminum (ALY’ ‘ 9910. 3790. 10200. 17200.
0-36+0|Ant imony "(5h) R 10.8 12, v 1.2 v 2.1 U
440-38-2 |Arsenic (As) v 5.3 0.96 U 4. 3.8
7440+39<3 [Barium {Ha) SaT . 56,5 2.2 %9 25.2
7440-41-7 |Beryl L ium (Be) u 0,57 0.23 U 0.35 | 0.28 |
7440-43~9 |Cadmium-(Cd) - U U 1.2 U 1.1 U 1.2 U
7440-70-2 [Calcium (Ca) J 1640. 329. J B35. J 691. J
7440-47-3 {Chromium (Cr) - o 14,1 v 4.5 14.6 26.6
7440-48-4 |Cobalt (Co) u 5.4 J 1.4 U 2 2.4
7440-50-8 [Copper” (Cu) RS 38.4 2 21.2 2.9 |
7439-89-6 [iron (Fe) 2630 o 6980. 2300. 6260, 13800.
7639-92-1 |Lead (Phy" . 7. SN J b9 24 4 . 478 9.8
7439-95-4 Magnesium (Mg) 293, J 581. J 252. J 429, J 881. J
7439-96+5 |Manganesa ‘{Mn) 62y 192. 46.1 81.3 22.9
7439-97-6 Mercury (Hg) .1 u u .11 v 0.12 U 011 v 0.2 U
7440-02-0"Nickel TNi).- B 1Y TR u 1 3.3 U 5.1 J 7.3 J
7440-09-7 [Potass ium (K) 430, J w 350. 4 216. J 219. U 690. J
7782-49-2 [selenium (Se)- .Y SE T 1] 0.78 - J D72 U 066 U 0.72
7440-22-4 |Silver (Ag) 081 U u C0.63 U 0.7 U 0.66 U 0.71 U
7440-23-5 |sodium (Nay . 479, J J 268, - J. 207. J 213, J 193, J
40-28-0 |Thallium (TL) 0.83 U u 0.85 U 0,96 U 0.88 U 0.93 U
40-62-2 [Vanadium (V). I - SR J A7, &9 17.6 32.2
7440-66-6 Zinc (In) 64.2 , 194. 6, B6.4 19.2
7440-31-5 |Tin (5m) 5.2 u 13.7 ) 1. 87 U 8.1 u 8.8 U
57-12-5 [Cyanide (Cn) 7777777227 7777717777 2722727777 2727777777 7277177777

*** Validation Complete ***x




DATALCP3

CHARLESTON - ZONE B

Page: 10
02/14/96 Background Levels in Soil Grid Samples Time: 09:11
Metals and CN -- All Values
-SWBAG-META . - G0B-~$-B00F-01.
- GOBSBOOSOA .
L5540:105
GDBSBOOS0T o
10/04/95
10/12/95.
10/22/95
Soil
. MG/KG'
.CAS #|Parameter - VAL | L5540
7429-90-5 [aluminum (AL) ~12100. 10100. - 7250.
44 0- 360 TAnt imory” (b)), L U u 1.9 U0~
¥7440-38-2 |Arsenic (As) 4 u 4.2
Th40:39-3 [Barium (Ba) R J 29.6 . J-
76440-41-7 Berylllum (Be) I u 0.28 4
7440-63:9 |cat £ Cdl) g u 1.1 U~
7440-70-2 Calc1Lnn (Ca) o J 3400.
7440~ -47-3: Chromwm (Cr) T 1. S
7440-48-4 |Cobalt (Co) U u 1.3 U
7440-50-8 |Cofiper (Cu) - o J 10.1 :
7439-89-6 [Iron (Fe) 3460.
7439-92-1 |Lead (Pb) R K J 58. e
- 7439-95-4 |Magnesium (Mg) J J J J 342, J
7439-96-5 |Manganese -(Mn) : . ‘ 157, - o
7439-97-6 Mercury (Hg) v U u v 0.12 ,
7440-02-0 {Nickel ¢Ni) SR R U u 7.6
7440-09-7 [potassium (K) d u u W 145,  J
7r82-4%-2 Selenlum {Se) T U U U -u 0:65 U v
7640-22-4 |Silver (Ag) o v u J 0.81 J
T440-23-5 |Sodium (Na) A 2 T J 201, 0 o
140-28-0 Thallium (TL) u u U u 0.87 U
0-62-2 |vanaditm (V) RS S PRV ud .57 )
7440-66+6 |Zinc (Zn) o L 0.1 -
7440}31'52Tin}(§d), - " ; I R U u 8.1 . U -
57-12-5 [Cyanide (Cn) 2272277772 2722727177

*** Validation Complete #***




DATALCP3 CHARLESTON - ZONE B Page: 1
02/14/96 Background Levels in Soil Grid Samples Time: 09:11
Metals and CN -~- All Values
SWB46-META fsaans D -~- 0DB-S-8011- GDB-S-B012-01: -

. GDESBO120Y. .
L5560-97. -~
GDBSBO1201,.. -,
10/04/95, : __‘.j
10/12/95 -
10722495 -
Soil -
A| MGAKG . -
CAS # [Parameter 540§ - : VAL | L5540S -
429-90-5 |Aluminum (ALY 24000, 6630. 7550,
(::j}ao -36-0 JAREIMORY (S - RN RIS [ I N L 18~ RV M. U
440-38-2 |Arsenic (As) o 28.7 1.7 2.1 9
7440-39-3 (Barium {Ba)- " e r 46.7 7 J 168 %9 -y
7440-41-7 |Beryll ium (V.Be‘) u 0. 88 0.39 0,22 U
7440-43+9 |Cadmiun tCd) Ak EROCIRR, i I u 1.5 1.6 U 110w
7440-70-2 |Calcium (Ca) 115000. 182000. 7470, 982, J 406.  J.
7440-47-3 |Chromium-(Cr) RN - ] 481 38,97 1.4 6.6
7440-48-4 |Cobalt (Co) 3.2 4 1.9 4 5.3 1.6 U 1.3 U
7440-50-8 |Copper (fu) 183, A 28.2 1.9 3.8 4.
7439-89-6 |Iron (Fe) 6110, ‘ 6470. 28300. 26000. 2760.
7439-92-1{Lead (PbY .. (-5 N I Pl ©Ts. S I 129
7439-95-4 |Magnes jum (.HS? 3640, 3680. 1500. 226.
7439-96-5 |Mangariese ‘(Mn) SO 3N 53.8 7.2
7439-97-6 Mercury (Hg) u 1.5 .14 u .11 U
7440-02-0 [Nicket (NTY . : Abzh - 65 SR
7440-09-7 |Potassium (K) J 1540,  J 609, J 113. ud
7782-49-2 |séleniim (S8 - 09 U o.81 U 86 U
7440-22-4 |Silver (Ag) u 1.7 1.3 0.65 U,
7440-23-5|50diom-{Ha) - Ji J837: 0 d 1600, LT K
40-28-0 [Thallium (TL) u- 1.2 U 1.4 U 0.88 U
B40-62-2 [Vanadium tv). . B 5106 - 16.2 6.6 4
7440-66-6 |2inc (2n) ‘ ‘ 70.2 178. 8.8 18.2
7440-31-5 |Tin -(Sh) R T 106 U 12,5 o101 U 8.1 u
57-12-5 |[Cyanide (Cn) 2711772772 2772222772 7797777177 2227771777 2222777977

*** Validation Complete *#**




DATALCP3 CHARLESTON - ZONE B Page: 12
02/14/96 Background Levels in Soil Grid Samples Time: 09:11
Metals and CN -- All Values
SMBLS-META .~ = GDB-S-8015-01.- -
caele T GDBSRD1501: - -
L5540-117 . -+
GDESE01501 . -
10/04/95 .
10/712/95
10722795 .
Soil -«
_ MG/XG .
7629-90-5 [Alumirum (A1) 10700.
44G-36=0 |ant imony (SB) - u “12.8
0450735-2 Arsenic (As) J 0.89 U
7440-39-3 [Barium: (Bay g b2
7440-41-7 [Beryllium (Be) . u 0.31 4
7440-43-9 [cadmivm- () 7 u SIE T
7440-70-2 [Calcium (Ca} J 59900.
7440-47-3 |chromium.(Cr) - 22.1
7440-48-4 |Cobalt (Co) u 2.7
7440-50+8 |Copper (CUY - J 29.6 g
7439-89-6 |Iron (Fe) 10400,
7439:92-1 [Lead - (PbY J 5.7 J
7439-95-4 Magnesmn (Mg) 3 N J 103Q. J
7439-96+5 43070 226,
7439-97-6 lnercucy € g} ) o011 U u 0.27
7440-02:0 Nickel (NT). S 8 ol ; J 10.9
7640-09-7 [Potassium (K) J J 218. 123. ud 481, 4
7782-49-2 {Selenilm (Se).’ BT u 0.86 U 072 U 1.6
7440-22-4 (Silver (Ag) J J 0.72 1.3 J 0.66 U
7440-23-5 [sodiuh. {N2) Cd J 1930 0. 185, J 638. J
440-28-0 [Thal Lium (T1) u v 0.88 U 0.96 U 0.89 U
q.t.d—oz-z_ Vanadium (V) E X 0.1, 0.95 Ul 15.8
440-86-6 |2inc (2n) . 30.5 3.7 J 166.
7440-31-5 |Tin (SR) . d U 7.9 v 8.8 u 8.1 u
57-12-5 [Cyanide (Cn) 1222771977 2777772777 2727777777

**% Validation Complete #**=*




DATALCP3

CHARLESTON - ZONE B

Page: 13
02/14 /96 Background Levels in Soil Grid Samples Time: 09:11
Metals and CN -- All Values
SWBLE-META
CAS # |Paramster:
7429-90-5 [Aluminum (AL)
440-36-0 [Antimony (Sh)
440-38-2 |Arsenic (As)
7440-39-3 Barium (Ba) -
7440-41-7 |Beryllium (Be)
7440-43+9 |cadmivm (Cd) -
7440-70-2 |Calcium (Ca)
7440-47-3 |Chromium (CF)
" 7440-48-4 [cobalt (Co)
" 7440-50-8 |Copper-(Lu)”
7439-89-6 |Iron (Fe)
7439-92- 1-Lead‘1?b) :
7439-95-4 (Magnesium (Mg)
7439-96-5 |Manganese - (Mn)
7439-97-6 Mercury (Hg)
7440 02-0 |Njckel {Ni)
7440-09-7 [Potassium (K)
7782-49- ZrSelenuum {58)
7440-22-4 |Silver (Ag)
7440-23-5 |sodiumn; {Ha) -
440-28-0 |Thallium (TL1)
440-62-2 Vanadiom W
7440-66-6 |2inc th),
7460-31-5 Tin (8n)
57-12-5 [Cyanide (Cn)

*** Validation Complete ***
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mercury, there is no significant vapor pressure and
H’ may be assumed to be zero.

The use of the soil/water partition equation to
calculate SSLs assumes an infinite source of
contaminants extending to the top of the aquifer.
More detailed models may be used to calculate
higher SSLs that are still protcctive in some
situations. For example, contaminants at sites with
shallow sources, thick unsaturated zones, degradable
contaminants, or unsaturated zone characteristics
(e.g., clay layers) may attenuate before they reach
ground water. The TBD provides information on
the use of unsaturated zone models for soil
screening. The decision to use such models should be
bascd on balancing the additional investigative and
* modeling cosis required to apply the more complex

models against the cost savings that will result from
higher SSLs.

Leach Test A leach test may be used instead of the
soil/water partition equation. In some instances, a
leach test may be more useful than the partitioning
method, depending on the constituents of concemn
and the possible presence of RCRA wastes. If this
option is chosen, soil parameicrs are noi needed fof
this pathway. However, a dilution factor must still

be calculated. 'Ihisguidancespggcstsus'mgtheEPA'

Synthetic Precipitation Leaching Procedure (SPLP,
EPA SW-846 Method 1312, US. EPA, 1994d). The
SPLP was developed to model an acid ramn leaching
environment and is generally appropriate for a
contaminated soil scemario. Like most leach tests,
the SPLP may not be appropriate for all situations
(e.g., soils contaminated with oily constituents may
not yicld suitable results). Therefore, apply the
SPLP with discretion.

EPA is aware that many leach tests are gvailahle for
application at hazardous waste sites, some of which
may be appropriate in specific situations (c.g., the
Toxicity Characteristic Leaching Procedure (TCLP)
models leaching in a municipal landfill
environment). It is beyond the scope of this
document to discuss in detail la.chmgpmcedmand

the appropriateness of their unse.

d s L TN/ T 4
Siabilization/Solidification of CERCLA and RCRA

Wastes (U.S. EPA, 1989b) and the EPA SAB’s
review of leaching tests (U.S. EPA, 1991b) discuss
the application of various leach tests to various

Q

waste disposal scenarios.

Consult these documents
for further information. :

Lo M = el

Sce Sicp 3 for guidance on <ollec subsurface soil
samples that can be used for leach tests. To ensure
adequate precision of leach test results, leach tests
should be conducted in triplicate.

Dilution Factor Model. As soil leachate moves
through soil and ground water, contaminant
concentrations are attenuated by adsorption and
degradation. In the aquifer, dilution by clean ground
water further reduces concentrations before
contaminants reach receptor points (i.c., drinking
water wells). This reduction in concentration can be
expressed by a dilution attenuation factor (DAF),
defined as the matio of soil leachate concentration to
receptor point concentration. The lowest possible
DAF is 1, corresponding to the sitnation where there
is no dilution or attenuation of a contaminant (i.c.,
when the concentration in the receptor well is equal
to the soil leachate concentration}). On the other
hand, lugh DAF values correspond to a large
reducuon In contaminant concentration from the
contaminated soil to the receptor well.

The Soil Screening Guidance addresses only one of
these dilution-attenuation processes: contaminant
dilution in ground water. A simple mixing zone
equation derived from a water-balance relationship

- (Equation 11) is used to calculate a site-specific

dilution factor. Mixing-zone depth is estimated from

. Equation 12, which relates it to aquifer thickness

along with the other parameters from Equation 11.
Mixing zone depth should not exceced aguifer
thickness (i.c., use aquifer thickmess as the upper
limit for mixing zone depth).

Recance of the uncertainty retmltmg from the wide

variability in subsurface conditions that affect
contaminant migration in ground water, defaults are
not provided for the dilution model equations.
Instead, a defanit DAF of 20 has been selected as
protective for contaminated soil sources up to 0.5
acre in size. Analyses using the mass-limit models

~ described below suggest that a DAF of 20 may be

30

protccﬁve of larger sources as well, however, this

el abhazeld o —
uypUl.uGala should be cvaluated on a Site-sp:\"uﬁv

basis: A discussion of the basis for the default DAF
and a description of the mass-limit analysis is found
in the TBD. However, since migration to ground
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Table A-1 (continued)

Inorganics . Migration to ground water
Inhalation
fugitive
_ Ingestion  particulate 20 DAF 1 DAF
CAS No. Compound {ma/kg) (mg/kg) (mg’kg) {mg/kg)
7440-36-0  Antimony 31t - 5 0.3
7440-38-2  Arsenic - 04°¢ 750 € 29/ 11
7440-39-3 Barium - 5,500 % 6.9E+05 b 1,600 g2t
7440-41-7  Berylium 0.1° 1,300 ° 63i 3
7440-43-9 Cadmium 78 bm 1,800 © gi 041
7440-47-3 Chromium (total) 390 b 270 ¢ M 3gi 2
16065-83-1  Chromium (IIl) 78,000 b - © -9 -9
15540-20-9  Ghromium (Vi) agob -270°. 38 2i
57-12-5 Cyanide (amenable) 1,600 ® -c 40 2
7439-92-1 Lead 400 k ~k ~ K —k
7440-02-0 Nickel 1,600 ® 13,000 © 130 71
7782-49-2  Selenium 390 b - 51 0.3
7440-22-4  Silver 390 b - 34 b 2 b
7440-28-0  Thallium - -c 0.7 0.04.
7440-62-2 Venadium . S50b -t 6,000 ® 300 b
7440-66-6  Zinc 23,000 P . -¢ 12,000 b 620 b

DAF = Dilution and sttanuation factor.
a Screomng levels based on human health criteria only.
Cak:ulaied values correspond to a noncancer hazard quotient of 1,
c No:muclly criteria available for that route of exposure,
9 Soil saturation conoemranon (Ceat)-

8. Calculated values

ndtuacancernskleve!ul"l in1 000000

! Levelis at orbe Contract Laboratory Program required quantitation kmit for Regular Analytical Services {(RAS).

¥ Chemical

properties are such that this pathway is not of concem at any soll contaminant concentration.

h Apmlmnaryremediaﬁon goal of 1 mg/kg has been set for PCBs based on Guidance on Hennd:amamnsforsme:funds}!es
. with PCB Gmtalmum(u S. EPA, 1990} and on EPA efforts to manage PCB contamination.
f §SLforpH of 6.8.
j Ingestion SSL adiusied by a tactor of 0.5 ta accaunt for dermal exnosure,

k' A screening level of 400 mg'kg has been set for lead based on Revised Interim Soll Lead Guidance for CERCLA Sites and

ACRAA Corrective Action Facilities (U.S. EPA, 1994). ‘
| SSL is based on RID for mercuric chioride (CAS No. 007467-84-7).

mSSL is based on dietary RID.

1994 EPA ‘ : M. S o ohnieal ﬁﬂﬂ%&w&

A-5



ZOM& 5 ]
Alommom 18 Sorface Seil

Or:juimd 4,4_7‘3__5&_1‘ CN 5/_5’)

15
a
15

678

.000
.9508
.586
.836
.937

His togran . .
Data file! soiliba.dat Statistics
T i N Total
5. N Miss
' N Used
a Mean H 15197.
. ] Variance:1534364810
Std. Dew: 12386
a “ C.V, 81
= 3.1 i Skeuness: 1
; Kurtosis: q
¢ _
- 2. - Mini : 63203
e \ \ inimum .
o 2° | 25th % 8158.
# # 4 |Median : 18780
1. ?5th » 12353
[ﬁl Maximum - 47988 .
a - 1 ) - 1
B. 1808 . 200080 . 300808 . 400808 . 50000 .
‘ Al_1 <{(prprmn)

/a_



Al_1

Nornal Frobhabhilitu Plot for Al __1

Data Ffile!: soillhg.dat

Statistics

Hanen .

420808 .

0088
<0888 .

20088 .,

1980808 .

———————

N Total @ 15
+ — N Miss @ 4]
N Used ° 15
Mean : 15197 .678
Variance:153436400 .008
Std. Dev: 12386 .958
» C,V, 81.586
Skeuness: 1.836
) + Kurtosis: 4,937
Minimum : 6328 .6888
+* 25th »« . 8150 .080
l++“+ Median : 187603 .9609
+"I4‘ 75th » ¢ 12350 .980
+ 11 Maximum : 479080 . 969
h | 18 38 58 78O o0 99

Cumulative Percent

===

/b



Zope. B _
AL s Ssurfice soil

LN = Transtrned. datr_

His togranm
Data Ffile: soillhg.dat

— T —

Freqguency

8. 9. 18. 11.

LNCA1_1)> <{ppnd

e — e ——————— e e e

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

# C.V,

Skeuness:
Kurtosis:

Minimum -

25th »
Median
75th »

Maximum

L Oy

B.
9.

3

14

15
a
15

.423
.359
.6008
.363
.242
.415

751
a8s

278
9,

421

77




LN<AL_1>

11.

18.

Normal Probability Plot for LN<Al_1)
Data file:! soillbg.dat

1
++"+

1 1 38 50 78 98 99

Cumulative Percent

e

Statistices

N Total
N Miss
N Used

Mean

» C.V,

Minimun
25th »

| Median
75th »

Maximum :

Variance:
Std. Dew:

Skeuness.
Kurtosis!:

9

6.

1
3

8
9

9
18

15
a
15

.423
.359
.680
363
.242
.415

. 751
. B85
278
.421
0T

=2b



- Zove B o
M svorfce S/

3R ovtliers removed (IJ =af=‘2>

- Freguency

Histogran

Data file: soilbglx.dat

— X | f——— N Total

2.8 - o N Miss

N Uszsed

' Mean

1.6 Variance:
Std. Dev:
A CVU.
1.2 Skeuness:
N Kurtosis:
-BJ Minimum :

25th «#

Median

.4 7S5th «»
Maximum @

.8
60808 9808 . 12008 15088

Al_1 (ppmd

Statistics

9713

6£328.
7550.
18855.
112808.
.88

131808

15
3
12

: . 758
4518451.
2125.
21.
—.B65

1.

(21313
665
883

836




Al _

148080 .

NMormal Probability Plot for Al_1
Data file: soilbgix.dat

1=29800.

180880 .

8008 .

X |

1 1@ 38 58 78 98

Cunmulative Pevrcent

Statistics

N Total
N Miss
N Used

Mean’

Uariance.
Std. Dew:

#« C.V,

Skeuness:
Kurtosis:

Minimun -

25th «
Median
ath »

Maximun :

9713.
4518451.
2125,
.883
.865
.836

21

1

6320.
.00n
.008
.0eA

7558
16855
11288

13108.

15
3
12

758
(313 ]5)
665

(a]5]%)




Zove B

ﬁ-L Y% 5;)[“151:& 1503!

3 oudliers removed
LA = Prows Srmed.
Histdgran
Data file!: soilbglix.dat
— X F——
3- -
=)
4] 2- “
=
T
5 -~
F
a
[N
(™
j.l A
a.
8.4 8.8 9.2
LNCATI_1) C(ppmd

Statistics

N Total
N Miss
N Used

Hean

Variance:
Std. Dewv:

#z C.V,

Skeuness -
Kurtosis:

Minimum :

25th =
Med ian
75th =
Max imum

9.
.B52
.228
.487
.332
.934

15
3
12

158

. 751
.929
.216
.324
.480

— = _______f—————




9
9
9

Statistics

15
3
12

.158
.B52
228
.487
.332
.934

. 7?51
.929
.216
.324
.4808

Mormal Prohabilituy Plot for LN{Al1_1)
Data Ffile!: soilbhglx.dat
N Total
N Miss
N Used
+
9.4 } I-Meam :
3 7 Variance:
+ Std. Dev:
a 9.2 s — % C.V, ¢
I =| Skewness .
T Kurtosis:
z 9. . s .
- @ Minimum -
+ + 25th «
Median
8.8 5th ¥
+ Max imum
8.6
1 18 30 58 TH 98 99
Cunulative Percent
. |

4b



Zfb»e, Vo)
Eery//:bM /A3 .SD(-&C,L Soil 3rii- Samples
Chwﬁ:bml dataset CAJ’/S)

O r’fﬂ inal  valves

Histogram
Data Ffile! soillhg.dat

—1 [ X7 :

Statistics

N Total

Frequency
W

N Miss
N Used

Mean

“ C.J.

25th =
Median
75th «
Max imum

.8 -4 .8 1.2 1.

Be_1 <(prmn2

Variance:
Std. Dewv:

Skeuness!:
Kurtosis:

Mininum !

6!

15
8
15

.549
.144
.379

g.

894

.115
.492

.164
.383
-4406
.628

.4508

e ————————eeeeeeeeeer T ————————————eeee e — e —————r e —————————————————————

/a



Be_1

Normal Probability Plot for Be_1
Data File: soillbg.dat

N Total

1 N Miss
¥ —~ N Used

Mean

© C.V,

25th
Median

+ + 7?Sth «

.

1 1a 38 58 78 90 =

Cumulative Percent

Uariance!:
Std. Dewu:

+ Skeuness:
Kurtosis:

+4 Mininpunm :

Maximum

G =

Statistics

i5
(5]
i5

.549
.144
.379
.A94
.115
.492

.188
.383
.448
.628
.45a

/b



220»&- EB

BRE sorface Soil 31‘}4’. éMchs
Orfﬂjbb! datasetr (N =15)
LN - Franstormed. valves

Histogram
Data Ffile! soillbg.dat

’ X |

1

N Total

Frequency

N Miss
N Used

Mean

A C.U.

25th v
Median
75th »

LN<Be_1> <{ppnrn)

-3. —_ -1. )

Variance:
Std. Dew:

Skeuness:
Kurtosis:

Mininum

Maximum :

15
a
15

.834
.561
.749
.824
.455
862

.383
.197
.821
.481
372

Ra.



Nornmnal Probability Plot for LN(Be_1)
Data File:!: soillbg.dat

Statistics

N Total

N Miss
N Used

Mean

+—-

#z C.V,

LMN(Be_1)
+

Minimum
25th «
Median

75th »
Maxcimumn

1 1@ 38 58 7TA 98 - 99

Cumunlative Percent

Variance:
Std. Dewv:

Skeuness:
Kurtosis:

15
a
15

.834
.561
.749
.824
.455
.862

.383
.197
.821
.481
.372

b



Zove B
BE v Svrfce Soil ‘jrfd. samples
Origival dataset (n=15)

Sapare-root Trawsfrmed —valves

Histogramn
Data file! soillbgy.dat

—{ [X | i
4.
3.
m
Q
[~
g .
- 2. 1
[T}
b
b
1. -
a.
-0 -4 .8 S
sqrtBe_1 {(ppn)

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

#“ C.U.

Skewness:
Kurtosis:

Minimun :

25th =
Median
"Sth «
Max imumn

35

15
8
15

. 781
.a61
.247
277
.423
741

.316
.558
.663
.787
.2B4




sqrtBe_1

.6

Normal Probability Plot for sqrtBe_1 . .

Data file: soillbgy.dat Statistics

N Total : 15

N Miss ! a8

N Used : 15

Mean . .71

* T Variance: .B61
Std. Dew: .247¢
“ CcJ., 35.277
+ Skeuness ! 423

. Kurtosis: 2.741
+T Minimum : . .316
e 7l 25th » - .558
S Median ° .663
+ ¥ 75th » .787
Maximum : 1.284
+V —
1 .lﬂ 38 5980 7a 98 99
anulatiue Parcent

3b



Zone B

BE sortace. soil 3n’cL .swple.s
xSarwﬂﬂs
CDPJ‘ﬁuz.MJ valves

#/-0!. awd R-0] removed (”“"3>

Frequency

"His togran

Data file: soillbkgz.dat

] ] -

. A .3 6

Be_1 <{ppPnd

Statisti(}s

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

» C.V,

Skewness:
Kurtosis:

Minimum :

25th =

Median

7Sth =«

Maximum :

13
a
13

.429
.049
222
.654
.368
671

.1088
.287
.448
.043
.888




Normal Probability Plot for Be_1 . .

Data file: soillbaz.dat Statistics

| N Total 13

-2 T - N Miss %)

N Used 13

+ Mean .429

Variance: .A49
.6 - + Std. Dew: .222

+ » C.V., 51.654

Skeuness: .368
o 14 Kurtosis: 2.671

[ \ :

, +++ Minimum .188

-3 ¥ , 25th .287
Median .440

75th « .543
+ | Maximum .868

.8
1 16 39 58 78 o8 299
Cumulative Percent
Y —————— ————— —— —  —  — —— ———————————————————————— |

“Hb



Zove B -
RE W surface so1l jrid.a éa.nplc,s

Samples #/-0] awd 2-01 removed.
KSHLJMU"&- -F DO% T'rbus-Fber Va../ ves

His togran
Data file: soillbgw.dat

— [ X]
4. -
3-
a
Q
e
5
-4 2.
a
b
19
1. 1
al
.a .3 .6 o

sqrtBe_1 (ppmn)

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

» C.V.

Skeuness:
Kurtosis:

Minimunm :

25th »
Median
75th »

Maximun :

13
a
13

.632
.B32
.179
.373
.268
.580

.316
.536
.663
. 736
.938

— __ ——— —— —( ——————— |

Sa_



Morval Probability Plot for sqrtBe_1

Data file: soillbgw.dat Statistics
N Total : 13
N Miss a
+ N Used i3
+ Mean : .632
-8 n | Variance: .832
+ Std. Dew: .179
. - [ |xcu. 28.373
o 1 | Skeuness!: —.268
i"E 6 T Kurtosis: 2.588
¢
E * Minimum @ . .316
25th » ¢ .36
.4 - Median 663
N 75th » . 736
+ : Maximum : .938
.2
1 18 38 58 7e 98 Q9

Cumulative Percent




0O

Zowe &

Mwﬂweéa W Sprtace. 56

CHVHJAMJ

C)ﬁtﬁjl}d]

datrsel (W =/5)

Y 3!‘)d4 :‘SMFJ/&.S

valves

Frequency

Histogran

Data file!: soillbg.dat

—

X _F

O ey,

r

-

1800.

Z288a. 38a. 408 .

Mn_1 (ppn)

Statistics

N Total

N Miss
N Used

Mean

Variance:
Std. Dev:

z C:IUC

Skeuness:
Kurtosis:

Minimum @

25th »
Median
75th »

Maximun :

oea.

218

28828

144
66

27
76
192
298
5084

15
a
15

.653
.288
.3208
.A84
.493
.348

.208
.475
.660
. 758
.A8a




Mn

o8,

Nornal Prokakilituy Plot

for Mn_1

408 .

300 .

2808 .

108.

Data file: soillbg.dat
+
+
+
.l.
.-++
+
+ -
1 1@ 30 S8 78 98 99

Cunnulative Percent

Statistics

N Total

[ N Miss

N Used

Mean

Variance:
Std. Dew:

“ C.U.

218.
.200
.328
.a84
.493

20828
144
66

Skeuness:

Kurtosis:

Minimum !

25th »
Median
75th =

Maximun :

2?7
76
192
298
580

e —_ —_—_———— e —————e _i_ vl ilLUHHAEOG@wBHEL..AH S { O6ooh@OOOOOGmmm  BBiBii__msbbbhhEEsmmmpmmnimmmwmhwy,,_;,_,~,;

.348

.268
.475
.A84
. 7508
.088

15
8
15

653

/b



Leve B

MN w Surbce ‘Soz;/ 3n'd.) .Szwple.s

datset (n= I5)

Or'z;ﬁma.}
LN = tronstorned. valves
Histogranm . .
Data file: soillbg.dat Statistics
—_—— %] — N Total i5
N Miss a
6. N Used 15
Mean 5.187
Variance: . ¢59
Std. Dew: 871
2 4. ©w C.U. 17.857
ﬁ Skeuness: -.753
g Kurtosis: 2.558
1]
P Minimum : 3.383
2. - 25th = 4.338
Median 5.257
75th « 5.672
Maxcimum 6.215
a.
2, 3. <4, S. 6.

LN(Mn_1)> <{ppn)




LN<Mn_1)

Normal Probabilitu Plot for LN{(Mn_1)

Data file! soillbg.dat

Statistics

N Total 15
N Miss 8
N Used 15
i + Mean : g.197
—F I-Uariance: . 759
1+ Std. Dew: .871
++ ©® Cc.V, 17.857
++] | Skeuness: -.753
- Kurtosis: 2.558
. Minimum : 3.383
. 25th « 4.338
Median 5.257
1 75th » 5.672
Maximum @ 6.215
+
1 p ) 30 o8 78 98 99
. Cumulative Percent

b



Z&JU’& 5 -

MN i SorPece. soil 5r}d—) Saﬂf"!e--s
\.Sa.mF}&S # /-0) and R-0O] removed.
(Dm:gf»a_l valves

His togram
Data file: soillbgz.dat
— X | - —
4. -
2. -
a
3]
e
o
5 2.
T
I
g
1. -
f.
a. 198 . 208 . 300 .
Mn_1l <{pprmd

d— ——— —

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

© C.U.

Skeuness:
Kurtosis:

Mininum
25th «
Median
75th »

Maximun

oea.

178.

11376
186
59

27
66

238
371

13
2}
13

288

.210
.659
617
.130
.B48

.288
.825
178.
.258
.080a

AnB

Sa



Normal Probakility Plot for Mn_1l

Data file: soillbgz.dat Statistics
N Total : 13
498. ‘N Miss a
+ T N Used : 13
Mean : 178.988
308. : - Variance: 11376.218
' : Std. Dewv: 186 .659
+ 1l 2 CU, . 59.617
- ] + Skeuness: .138
=| 200 . = T Kurtosis: 2.848

= -+ P
++ Minimum : . 27.200
25th » ¢ 66 .825
190, Median °: 178 .888
H 7S5th = ¢ 238.258
. + I Maximum ° 371 .8688

+ .
f.
1 14 3 58 7 98 99
Cumulative Percent




Love B |

MN 1w surbee Soil g rid, .SaMP/e.S
Sanmples # J-0! awd o2-01 remoeved |
LN = Trawstormed — valves

Statistics

N Total
N Miss
N Used

Mean

Variance!:
Std. Dewv:

“ C. V.,

Skeuness:
Kurtosis:

Mininmun
25th «
Median
75th »
Max iimum

16

[
5T |

13
3}
13

.944
.669
.818
.545
.814
.432

.383
.195
.182
.473
.916

Histogran
Data file: soillbygz.dat
: I X —
3.
)
| 2-'
[=
a
=]
a
]
[ 8
Tt
1. 4
a. T
2. 3. 4. 0. 6.
LN(Mn_1> {(pprml>




LNCHMn_1)

Normal Probability Plot for LN(Mn_1>

Data File: soillbhgz.dat

Statistics

N Total

N Miss
N Used

Mean

% C.U.

Minimum

Z5th
Median
TSth

1 i 38 58 78 =Ll

Cumulative Percent

e e e e ————————— e ——————— e e —— ]

L | Variance:
Std. Dewv:

Skeuness
Kurtosis:

Maocimum

4,
.669
.818
.545
.814
.432

i6

VA

3
:

-

e

.473
.916

5
L

13
(3]
13

944

.383
4.

195
182

Yb



Zonve & . | )
V awadivm o sorface soil 3:-;4}, sSamples
Chw5:b¢l datrset (N =/5)

Onr 1-31;:1.4.,/ valves

Histogram
Data file: soillbg.dat Statistics
H [ kx : N Total : 15
, N Miss ! a
3. N Used : 15
Mean : 25.727
Variance: 645,253
. ' Std. Dewv: 25.482
7 2, % C.V. 98,737
2 \ N | Skeuwness: 1.558
5 0 0 | Kurtosis: 4 157
r ! ! '
g 1:\\ ¥ A I )
& % % |Minimum : . 6.5P8
1. - 25th » . 8.238
Median : 17 .800
75th » 24.775
Maximum. : 89.950
a. 3
a 3Ja 68 20
U_1 C(ppn)d




HMormal Probability Plot for VU_1

U_1

Data file: soillbg.dat Statistics
. N Total : 15
' T N Miss : A
N Used 15
Mean : 25.727
Variance: 645 .253
Std. Dew! 25 .482
» C.V, ag.737
+ Skeuness: 1.558
Kurtosis: 4.157
Minimum : : 6.508
' 25th » 8.238
+7T Median : 17 .868
+1+ . 75th » 24.775
Lt Maximum 89.958
+ 4+t

1 16 34 58 7O 98 99

Cumnulative Percent




Zove B

V surBee Soidl ﬂr;’d, .SAMFJQS
O)“'lsl-).)d.} dahseT CN=/5>
LN = Fransformed.  valves

His togram
Data file: scoillbhg.dat
—{ X |
2. -
=
u 2-'
[=4
a
=
-
L]
18
e
1. -
a. T
a, 1. 2. . 3.
LNCU_1> (ppnd)

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

#« C.U,

Skeuness:
Kurtosis:

Minimum °

25th ¥«
Median
75th »

Maximum

2

29

2

1.

-

4.
.833
218
.499

3
4

15
a
15

.884
.714
.845
.296
.567
.262

872
166

c>24.



Normnal Probhakilitu Plot for LN{U_1)>

I

LN<CV

Data file: soillhg.dat Statistics

N Total : i5

N Miss a

N Used : 15

+. _
Mean : 2 .884
F Variance: .714
Std. Dew: .845
“« C.VJ, 29 .296
+“+ Skeuness!: .b6e?
Kurtosis: 2.262
+“+
Minimum ! - 1.872
T 25th » 2.186
r——— . Median : 2.833
. 75th » ¢ 3.218
Maximum ! 4.499
1 16 38 58 78 o8 99

Cunulative Percent

e e e eeeeeeeeeeeeeeee—— ———eeeeeeee e —————— e e ]




Zove. 5
V I Surﬁ_&e_. ._‘S?m./ 5pjd.- 5mp/a.s
Samples # 10/ awd 2-0 removed. (n=/3)

Or'iﬁzba.l valve.s

Histogram
Data file: soillbhgz .dat
H [x | |
4, -
'3- N
-
4]
[
3
oo 2-' \\
g 0
e I
by iﬁ
1. 4
a. T
a 2a. 10 6a
U_1l <{ppm)

Statistics

N Total
N Miss
N Used

Mean

Varijance:
Std. Dev:

#% C.V,

Skeuness:
Kurtosis:

Minimum -

25th »
Median
75th »

Maximum

17.
153.
.381
.837
.687
.572

12
71
1

5
6
?

15

21.
.600

51

13
a
13

235
286

.580
.513
.880

425




Normal Probability Plot for VU_1L

Data file: soil lbaz.dat Statistics

N Total : 13

6@. N Miss 8
: N Used 13

+ —

Mean : 17.235

Variance: 153.286

40. Std. Dewv: 12.381
“ C. V. 71.837

Skeuness: _ 1.687

Kurtosis: 5.572

+ +

+ . Minimum : - 6,508

20. T+ | 25th = 7.513
T Median : 15 .8060
4+ 7Sth » : 21.425

+ b +7 Maximum : 51.688

a.
1 ie 380 958 78O oA 99
Cumulative Percent -




Zeove B
V n svrfice soil Sr'izL csanf»le..s
Sampl&s #/-0) awd -6 r‘eumzL CN‘ =/3>

LN = Tramstsrned valves

- Histogram

Data file! soillbgz.dat Statistics
— X ] | { N Total : 13
~ N Miss : ' B8
4. : N Used : 13
Mean : Z.653
2 | Variance: .397
. Std. Dew: .638
3 ©w Cc.U. 23.735
5 Skeuness: .413
3 | Kurtosis: Z.338
¥ 2.
a
' Minimum : - 1.872
, 25th » @ Z2.813
1. Median : 2.768
75th = 3.859
Maximum : 3.944
a.
8 1.6 2.9 3.2 4.8 4.8

LNCU_1) <(ppn)d




_1>

LNCU

-4

Normal Probability FPlot for LNC(U_1)>

Data file: soillbg:.dat

Statistics

N Total

+ M Miss
N Used

Mean

F_ “z C.V,

++

25th «
Median
75th »

1 13 39 58 70 98 99

Cunulative Percent

Variance:
Std. Devw:

Skeuness:
| Kurtosis:

Minimum

I-Haximum :

13
8
13

.653
.397
.638
.735
.413
.338

.872
.813
. 768
.859
.944




Zove B
Ve surce  Soil \cjrid.» samples
.Sz.uuple.J /-0, 2-01 and /0! remove

Or 1:3 :ba.! wx/ues

A4 (n=i2)

His togran
Data file!: soillbgv.dat

Statist

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:
#C.VU, ¢
Skeuness:
Kurtosis:

Minimum -
25th =
Median
75th »
Max imum

14
=Y

49,

13

12

371
.913
.135

651

.378

6

13
17
25.

.657

.580
.158
.a50
. 606

668

H [x ] |
4. -
3.
-
<)
s
a
7 2.
g
|
B
1. -
al
° 10 29 38
U_1 (ppnd




v_1

32.

24 .

16.

Normal Probability Plot For U_1
Data Ffile: soillbhgv.dat

++

| %

12 38 54 78 98 99

Curmulative Percent

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dev:

“ C.V.

Skeuness:
Kurtosis:

Minimun @

25th v«
Median
?5th >

Maximum

14
58

49

6
13
17
25

13
1
12

.371
.913
.135
.651
.378
.657

.500
.1508
.6508
.6680
.680




Zove B . Ca,
vV /0 svrface. soil é]md_ &LMF/&.S
Sam ple_s # /01, KX-o0/, and -0 resmoved. C N = Zél>

LA - Frans B rmed. valves

His togram . .
Data file: soillbgu.dat Statistics
= X — N Total @ 13
, N Miss 1
< N Used : 12
Mean H 2.546 -
Variance: 269
‘ Std. Dewv: .518
3 2. % C.V. 20.360
e Skewness: .8as
g Kurtosis: 1.489
g
' | Minimum : 1.872
1.4 . 25th « 1.967
Med ian 2.546
7Sth « 2.868
Maximum : 3.243
a.
1 2 3. q
LNCV_1> <(ppnd




Zove 3

V oo sorbee Soil grid -fanp/cs
Alternative  view of Fig. ba, ASAan:L:s 3,~eﬂ';-g~ deda;l

Frequency

Histogran
Data file! so0illbgv.dat
H X —
3-"
2.
1--
a. T
1.8 1.5 2.0 2.5 3.8

LNCU_1) ({ppn)

N E—

Statist i cC s

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

“ C.V,

Skeuness
Kurtosis:

Mininum @

25th »#
Median
75th =«

Maximum @

PALS)

[y

WNN e -

13
1
12

.546
.269
.518
.368
.a85
.489

872
. 967
.546
.868
.243




LNCVU_1)

Mormal Probability Plot for LNC(U_1)
Data file: soililbgv.dat

N Total

N Miss
N Used

Variance:
Std. Dewv:
+1 v C.VU. 20

Skewness:
.| Kurtosis:

[

++ Minimun :
25th «
Median

WNN s

- ' T 75th x
Maximum :

1 1@ 38 S8 78 98 29

Cumulative Percent

i - Mean . 2.
' .269
.518
.368
.885
.489

Statistics

13
1
12

546

.872
.967
.546
.868
.243

Gb



ZC')U& 5 s o
Arsevic: N r_S'UA.SUI"}Q.CA sorf
CDruj;duJ dapset C},:xﬁg>

Ol‘é,&bﬁ./ valves

~ Histogran
Data file: soil2abg.dat
C T — X}
8. -
G.
=
1]
£
u -
5 a.
u
L
[
2--
a. - - T— —
a. 18. 20. : 38 .
"As_2 {(ppnm)

Statistics

N Total.:

N Miss
N Used

Mean

Variance:
Std. Dew:

#“ C.U,

Skeuness.
Kurtfosis:

Minimum :

25th =
Median
75th »

Maximun :

6
9
143

pra

da

6.

2

£.
.758
33.

7

.463
86.
.298
.8708

-415
.478

14
A
14

445

a27
459

558
968

/o



As_2

18,

3a.

2a.

18.

Normal Probability Plot for As_2
Data file!: soilZab¢g.dat

Statistics

N Total

N Miss
N Used

Mean

#z C.V,

25th «

o+

+ Lot

Median

1 1 39 S8 78 98 99

Cunulative Percent

Yariance:
Std. Dew:

Skeuness:
Kurtosis:

Mininun :

- 75th » &
F
[J Maximum °

6.

86

9

6

?I
33

14
a
14

463

.445
9.298
142,
Z.827
.459

878

.415
.478
Z.

550

. 708
.966

eyl B————————————e e —— e e e e ——re-rezrare

7



ZE?U& 6

AS o svbsvr Hee o1l
Dr-;éjbbf dafaset ( N = /4)
LN 7 raus ﬁru&d[ \{U—/ZJ&S.S |

His t ogran
Data file:_soilaahg.dat

LNCAs_2) {ppm}

M X - |
q.
3-'
=
g
I
5 .
¥ 2. 1
v
| 8
[
.I.'-
a. - :
-1, a. 1. 2,

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

» C.V,

Skeuness:
Kurtosis:

Minimumn -

25th «
Median

75th »
Maximum :

2

1
3

14
a
14

.944
178
473
156.
.187
.B25

B56

.879
. 755
.877
.964
.523

— = =




LMN{As_2>

Normal Probabilitu Plot for LN(As_2)

Data file: soil2aba.dat

N Total

N Miss
N Used

Mean

“ C.V.

++

25th «
Median

.+

?5th «

1 16 38 098 78 98

Cumulative Percent

29

Variance:
Std. Dew:

= Minimum :

Maximum °

2

156

Skeuness:
Kurtosis:

1

1
3

Statistics

14
f
14

. 944
.178
1.
.B856
.187
.825

473

.879
. 755
877
.964
.523

Rb



Zope O
AS o svbsorfice -501}

\SQJ-'\PI&S # /-2 au.rd, «"2-"02 remavacl_
Ornﬁuua.l vadve s

Histogran
Data file: so0ilZbkog.dat

i | x|

4. &J5
L

Frequency

a. 4. I : B

As_2 (ppn)

Statistics

N Total
N Miss
N Used

Mean

| Variance:
Std. Dewu:

#z C.U,

Skeuness:
Kurtosis:

Minimum :

25th «
Median
75th »

| Maximum :

2.
.553
.944
.862
.326
.321

15
3
116
1
3

1

3.
.788

11

12
a
12

398

.415
.460
. 788

86a




As_a2

12,

Data file: soilZhbg.dat

Nornal Probabilitu Plot for As_2

Statistics

N. Total :

—+ N Miss
N Used

Mean

« C.U.

+ |+ ++

25th «
Median
7S5th =«

1

i@ 38 S8 78 98

Cunulative Percent

Uariance:
Std. Dew:

Skeuness.
Kurtosis:

Minimun :

Maximum -

1S

116

12
8
12

.398
.553
.944
.862
.326
.321

.415
.468
. 7688
.868
.’8a8

e e E—————————eeee—— e ————————— —eee————— e e ——— e ]|




Zowe B |

AS /0 .Suksur-‘/i.:c, soil S
Suuplé.s #/-02 ard 202 rgmav.cd,
LN = Transtormed. valves

Histogram -
Data file!: so0ilZ2bg.dat

H X — S
4. ’
l 5
| sete
) o
e .
3.
=
o
[
2 -
v 2.
@
[ 8
[
1- 1
Bo .
-1. 8. N 1. a.
LNCAS_2) (ppr)d

Statistics

N Tntal':

N Miss

N Used :

Mean

Variance:
Std. Dev:

% C.U,

Skeuness:
Kurtosis:

Minimum ©
| 25th »

Median
75th »

Maximum :

1
1
212

12
a
12

.578
.513
.238
.978
-164
1.

719

.879
07
.531
.335
.460




Mormnal Prokakility Plot For LNCAs_2)
Data Ffile! soil2bg.dat

Statistics

N Total

{13707

g &

#ijToR

N Miss
N Used

Mean

4 C.V,

LN{As_2>

25th =

3 wictedts

o P

Median
75th %

1 18

30 50 78 98

Cumuiati#e Percent

Variance:
Std. Dew:

Skeuness:
Kurtosis:

Mininunm :

Maximum :

21

1
1

Z.
164
719

1

12
a
12

.578
.513
238

97a

.879
07
.531
.335
..468

496



Zonve B

Chromiom 1N Svrface. Soil
C)m'ﬁjbaJ dataset

Ors 9 el yalves

(n=/5)

3rid, SAMFA&S

- - e S ——

N Total
N Miss
N Used

Mean

Variance:
Std. Dewv:

» C.V.

Skeuness.
Kurtosis:

Minimum :

25th «
Median
75th «

Maximum

His togram
Data file: soillbhg.dat
e X | |
5- A
q. -
g
= 2.
L]
=
r
g
2. N
[ ,0-\. ,O
A\
U |
1. -
a.
a. 328. e . o9a.
Cr_1 (ppn)

23
316
6
1

38
63

15
a
15

.3348
. 763
17.
.287
.181
3.876

798

.958a

9.
14.
.968
.88a

825
648




Cr_1

Mornal Probability Plot for Cr_1
Data file: soillbg.dat

ea,.

68,

48,

20 .

++T
ol

1 18 38 58 78

Cumulative Percent

o

99

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

“® C.VU,

Skeuness:
Kurtosis:

Minimuam
25th «
Median
75th «

Maximum :

23
316
17
76

3

5
9
14
36

.330
. 763
.’798
287
1.
.876

.950
.825
.680
. 900
63.

15
a
15

181

860

/b



Zove B

CR n svrface soil \a’riaL .SMPIE..Sl
Cir:“anlud Adatpset Cm:}g)

LN = Franstormed, valves

Frequency

Hist ogram

Data file: soillba.dat Statistics

T X — . N Total : 15

N Miss : a

3. 4 , N Used : 15
Mean : 2.894

Variance: .546
Std. Dew: . 739
2. “« C. V., 25.542
| Skeuness: ) 216
Kurtosis: 1.958
Minimun - 1.783
1. - 25th » 2.284
: Median 2.681
7?5th » 3.427
Maximum : 4 .156

a. T -
1. 2. 3. 4, ' 9.

LN<{Cr_12) <(ppnd




b

1)

LN{(Cr

Normal Probkability Plot for LN{(Cr_1) . .

Data file: soillbg.dat Statistics

N Total : 15

N Miss a

N Used : 15

+ Mean : 2.894

Variance: .546

. Std. Dew: .739

+ v C.Y., ! 25.5%42

T Skeuness: - .216

Kurtosis: 1.958

ot

* Minimum : .+ 1.783

++1 | 25th » 2.284

m Median : Z2.681

+ 5th » ¢ 3.427

Maximum : 4.156

.1
1 14 38 58 7O 98 99
Cunulative Percent




Zove D

CR in Surface Sso1l arid_ .54nples
Sanples  # /-0l and. 2-0] removed
Or{ﬂ:ba.l valves

Histogram

Data file: soillbaz.dat Statistics
— T % ] . N Total @ 13
N Miss 2|
2. - N Used : i3
Mean : 17.796
Variance: 117.367
Std. Dew: 14.834
2 2. - #» CV. 60.876
5 Skeuness: .825
g Kurtosis: 2.482
v
& Minimum : . 5.95@
1. - 25th » . 9.275
Median : 14.1808
7S5th » 21.575
Maximum : 383 .984
B.
. 109, 20. 3a. 4@,

Cr_1 (ppn)




Normal Probabilituy Plot for Cr__1
Data Ffile! soillbgz.dat
4a. T
.*.
38. T
-ll -+
. 280. i
@]
+-.+
+
i\a. =
¥ t
a.
1 18 38 S8 7a 9a 99
Cunulative Percent

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dev:

w C.YU,

Skeuness:
Kurtosis:

Minimum :

25th #
Median
75th »
Maximum

17
117
16
66

A

=
=

21.
38

13
a
13

. 796
. 367
.834
.876
.825
.482

.958
275
14.

160

.575
a 988

3b



Zewve B

CR jn sorface soil jr}d_a Samples
Samples # /0! awd 2-01 removed.
LN - Trawsformed.  valves

Histogran
Data file! soilihkgz.dat
— R
S.
4.'
-
2 3. -
L1}
=
-y
g
- 2.
1-'
ﬁ. | I
.8 1.6 2.4 3.2 4,
LN{Cr_1> {ppn)

Statistics

N Total
N Miss

1N Used

Mean

Variance:
Std. Dew:

“z C.V,

Skeuness:
Kurtosis:

Minimum
25th »
Median
7S5th =«

Maximum °

13
a
13

2.711
.366
.685

22..314
111
1.956

1.783
4.226
Z.646
3.671
3.661

4a



Normal Probabilitu Plot For LN{(Cr_1>
Data Ffile: soillbgz.dat

Statistics

N Total

N Miss
M Used

Mean : 2
Yariance:
Std. Dew:

LNCCr_1?>

Skeuness:
Kurtosis:

]

F.

Minimum

. - 1
25th = ! 2

Maximum : !

1 18 38 58 78 98 99

Cunulative Percent

13
a
13

11
. 366
. 685
»“ C.V., 22.
111
.956 .

314

.83
226

Median - 2.
-[ vSth » & !

646

.871
.661




C

Q

VCHEM_R
02/28/97

"ENVIRONMENTAL

2902-00001 - CHARLESTON ZONE B - SOIL & 1sST GW
Samples by chemical Report

7440~-47-3

Chromium (Cr)

SAFETY & DESIGNS

Page:
Time:

1
11:13

'507-5-B001-01

"507-5-3004—02

- GDB-5-B011-01
' GDB-S-B012-01
. GDB-S-B013-01

GDB-S-B014-01

**% End of

_“507 —§-B004-01

-"B07=S+BO0S-01.
507-s- B005 02

5078B00101

GDBSB00402
GDBSB00502
GDBSB00602

GDBSB00702

GDBSB0O1101

GDBSBOlZOl

GDBSBO1301

Soil 10/04/95

soil io/bd/éS'

10/04/95

10/04/95

10/04/95
10/04/95

10/04/95

10/04/95
10/04/95

10/04/95

GDBSBO1401

Report **x

9.1000

26.6000

10.4000

38.9000

6.6000

29.3000

53,3000

MG/KG

L5540S

L55405

; L55408

L5540s

G L5540S -

L55308

VAL

-~ VAL

VAL




f®

Q

VCHEM_R
02/28/97

ENVIRONMENTAL

SAFETY &

2902-00001 - CHARLESTON ZO0NE B - SOIL & 1ST GW

18540-29-9 -

Samples by Chemical Report
Chromium (Hexavalent)
>= 0.0000 for MG/KG

DESIGNS

Page:
Time:

11:92

7507—C—B004—01 s07C
- GD BO Ll GDBE
GDB-C-BQ08-01

**x%x End of Report **x

300401

BO0801

Soil
Soi
Soil

10/04/95

10/04/95 0.1300 U

MG/KG L55301

- VAL,

VAL

VAL




Zove B : )
(:waﬂubwa /AJ .Suésurﬁh:e_,SD;[

Oméaﬁd doctase Cu—-«*‘D
Or'-x’su‘aa.[ .\/a-_/oc-.s '

Histoqran
Data file: ;oilZahg.dat

H__{ X} i

6.
3 4. -
; ) _
5 - 10’3‘,}.
g ‘}‘do
& A

2, -

. '

@ 30. 60

Statistics

N Total
N Hiss
N Used

Mean

Variance!:
Std. Dewv:

./: CIIU.

Skeuness:
Kurtosis:

Minimum :

25th #
Median
75th «

Maximum :

19
514
22

2
4

25

14
a
14

.536
.656
.686
116.
1.354
3.671

126

.580
.400
.158
.158
5.

700

/a



Cr_2

—

BB.

68 .

10 .

20,

Normal Probability Plot for Cr_2

Data file: soil2abyg.dat

Statistics

N Total

N Miss
N Used

Mean

# C.U,

25th =
=| Median

++

+ ¢

-+

+

?5th »

1 16

Cumulative Percent

38 58 7@

o8
<

99

Variance:
Std. Dewv:

Skeuness:
Kurtosis:

Minimum :

Maximum :

19.

514
22

-116.
1.354 |
671

3

2

4

25

.656
.686

.580
.4808
8.
.158
7h.

14
a
14

536

126

158
788

|

Z



L-ONE. & - .
CR 1o sSvbs urﬁcc, soil
Omzéf»a.[ dataset C N =='/1{>
LA~ Trowstormed. | valves

Histogranm
Data file: soil2abg.dat
—. [ X }
3. 1
a
o 2-'
e
a
= —~
v
@
b
[
1.
BI R
a'l 1. 2' 3.
LN{(Cr_2) (ppn)d

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dev:

% C.V,

Skeuness:
Kurtosis:

TMinimum :

25th »
Median
75th »

Maximum

2

48

2

3
4

14
a
14

.356
.329
.153
.928
.398
. 749

916
.482
.B58
223
.327

e et ——————— e P ———————— e e —— e e, —————————————————————: )




Normal Probakility Plot for LNC(Cr_2) . .

Data file: soil2aba.dat Statistics

' | N Total :- 14

2 ‘ . N Miss ! 8

, N Used 14

4 |

4. o Mean : 2.356
Variance: 1.329

, ' ' + Std. Dew: 1.153

~ 3, ‘ + : 1 # C. VU, 483.928
% R - Skeuness!: .398
6 |+ «| Kurtosis: 1.749
S 2. ; | Minimum : - .916
| o 25th » @ 1.482
. I Median 2.858

1. ¥ 5th » 3.223
. Maximum : 4.327
a. : :
1 1@ 3@ S8 70 98 99
Cumulative Percent




Love 5

CR n  svhsorfice sotl

Samples # /702 and. =2 ~OR rgw.vei
Orig wal valves S '

“ ‘ Histogran

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dew:

4 C.V,

|- Skeuness .
Kartosis:

Minimun
25th «
Median
Sth «

Maximum :

2.

198
13
118
1
4

2

4.

11

12
A
12

442

297
. 795
.876
.642
.682

.50

408

.3508
.400
48 .

194

Da.ta. fi]e: soilZ2bg.dat
| —— -
— 1
6.
a
1] 4- q
£
¥
= -~
&
H ‘
by oq'
2. A 4
\UI
*
a. - ]
a. 18. 20. 38. 4a. oa
Cr_2 <(ppnd)
e —— e ]

|

Sa.



Cr_2

o8.

4@ .

30-

20 .

16,

Normal Prokability Plot £ or Cr_2

Data file! soilz2by.dat

Statistics

N Total :

— N HMiss
N Used

Mean

w C.U,

25th «
* Median

+ 4+t
+ |+ ‘

L ie 38 58 Y8 98

Cumulative Percent

Variance:
Std. Dev:

Skeuness:
"Kurtosis!:

Minimum @

Sth »« =
Maximum

12

13
118

4

>

Z.
4.
.358
. 488
4€ .

~)

11

12
(2
12

.442
198.
. 795
876
1.
.682

297

642

508
41808

108




Zove B .
CR » svbsorface Sot !

Samples # /05 q..ud_, R-OR Aremrza’_,
LN = Frosstorned. valves '

Histogran
Data file:!: soilZ2bg.dat

LNCCr_2) (ppn)

:

—1 [ X

3-'
a
4] 2-*
=
L
o ~
¥
¢
Y
[

1-'

al

a. 1. - 3.

Statistics

N Total
N Miss
N Used

Mean

Variance:
Std. Dewv.

# C.U.

Skeuness:
Kurtosis:

Minimum °

25th «
Median
?5th »

Maximum

12
a
12

t.065
.913
.956

. 288
.68

?.143

.916
..482
..672
..434
.873




LNCCr_2)>

Normal Probability Plot for LN(Cr_2)

Data file: soil2bg.dat Statistics

: N Total 12

1. : ¥ —- N Miss ¢ a

N Used : 12
: , + + Mean : 2 .865
3. ) Variance: 913
' Std. Dew: .956

o1 v C.V, : 46,288

. o : ‘ Skeuness: .68
2. - | Kurtosis: Z2.143

+ )

+ 441 : Minimum : ~ .916
. 25th » ©1.482
1. T F Median ¢ 1.672
' ' ) 75th » Z.434
Maximum : 3.873

a. .
1 .18 38 58 T7a 9a 99

Cumul-at ive Percent




	Zone B Background Information, Naval Base Charleston SC (1997)

	Changes in Background Reference Values since ZONE B RCRA FACILITY INVESTIGATION REPORT (12 May 1997)

	Outliers removed from grid-based background datasets
	Alternative background reference values (mglkg)
	Samples by Chemical Report
	Zone B: Arsenic in surface soil grid samples
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	APPENDIX 3
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